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Symbols 


GENERAL  TERMINOLOGY 


Vector:  a  capital  letter  with  an  arrow  above  it.  A  list  of  all  vector 
quantities  appears  on  page  4. 

Vector  Magnitude:  a  capital  letter. 

Angle  between  two  vectors:  a  Greek  letter. 

Vector  Component;  lower  case  pair  of  letters,  the  first  of  which  is  the 
same  as  the  vector  designation  and  the  second  is  either  x  (west-east,  posi¬ 
tive  from  the  west)  or  y  (south-north,  positive  from  the  south). 

.SPECinC  SYMROLS 


P 

i 

N 

<t2 

a 

V 

VKK 

MK 

RE 

MI> 

UP 

r 

a,  h,  f] 

P 

HVP 


EA 


forecast  period 
a  particular  observation 
total  number  of  cases 

vector  variance  of  the  wind  (climatic  variance) 
standard  vector  deviation  of  the  wind 
vector  mean  wind  (magnitude) 
vector  variance  of  forecast  errors 
mean  square  error  of  subjective  forecasts 
root  mean  square  error  of  subjective  forecasts 
moan  square  error  of  persistence  forecasts 
root  mean  square  error  of  persistence  foi  ccasts 
vector  persistence  correlation 
constants  in  linear  regression  equations 

coefficient  of  corrclaiion  between  an  observed  and  an  estiniateil 
quantity 

percent  reduction  in  variance  of  persistence  forecasts  with  re8|>ccl 
to  climatology 

forccBst  advantage  over  persistence 
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Errors  in  Six-  and  Twelve-Hour 
Predictions  of  Upper-Level  Winds 


1.  INTltonUCTlON 

1 .  \  Hiick^roinul 

Vorifical ion  data  for  (»-  aiul  l2-luMir  prr<Hrlions  of  upprr-lcvol  winds 
a!’(5  singularly  larkinj*  in  llu?  nvU'tnolo^fit'al  Hlri*alurr.  Tlu’  l*(*w  vorifiralion 
studies  available  are  mainly  concerned  with  24-hour  forecasts,  since  this  is 
the  interval  wldeli  has  pi-tived  lo  )u‘  most  npplit  alth*  to  a  wide  vnriely  t>f  mili¬ 
tary  and  eivi  lian  operalicMis  (e.  Mediae*  and  i’hillpol,  \iii)i*rl  et  nl, 

1  )arlii\i»  and  I.und,  inh2).  Ihuvcver,  Ihe-advenl  ol  lel  airri-all  aiul  mis¬ 
siles,  opei'alin^  in  an  <*l<*el  roiiie’ally  eemi  rolled  mvironmenl  wlu're*  ilie  lime 
Seale  is  ever  shrinkii»t»,  has  j^iven  i-ise  to  the  neerl  for  mfuraic  shorl -pemiod 
wind  forecasts,  'l'h<‘  ain>  oC  this  paper  is  lo  s))eeiiy  otn-  |>rrsenl  ea))[d>i lil ,v  lo 
provide  such  foreeasts. 

'The  most  e'omph'le*  data  availal)le  on  wind  forre-ast  errors,  liasrd  on 
data  eoUc'cted  prior  lo  11*511,  is  eonlaineel  in  an  Ait  Weather  Se*rvii'e  reporl 
ijy  Mllsaesser  (1  P57)  whie  h  out  lines  the  findinj’S  of  many  i  nvest  i  )a*t  ors  «'onee*i  n  - 
inp  errors  in  persisletu  e*  unel  Huhp*e*live*  foree*aslH  ft))-  peihods  of  S  to  Hi  hours 
as  a  funetlon  «>[  at  mosplwrii*  level  and  s<'ason.  l!owe*vi*i’  tlu*  usehilneHS  of  this 
re|K)rt  is  limited  by  the*  fne*t  Ihul  the  (Whour  <latu  weiu'  olilaiiUMl  entirely  by 
ext  ra])<dation  froin  12  an<i  2  1  hoeii's.  I'ui'llu'i’inoM*.  the  venfieation  dal  u  Irom 
Mutely  sepaiated  ^eee^ruphie  iwf^ions  we-i  <•  eiMnbiiu  <l  le  pj  erhic  e  a  Set  of  mean 
statistics.  I'hese*  (*rude*  )iroe-edni  <*s  w<*re-  ne-reHSit  al  ed  by  tlie  lark  «»f  an  ar|(  - 
(I'lule  data  sample*  at  tin*  time*  this  re*|H»il  wa5e  written. 


•  Sr  mi -ant  omut  ir  tli-oimd  I -livi  I'onMie-iil . 

( A\it  ho  r '  s  manual  r  ip!  re'i  ri vrd  I r  judd  i  e  .it  )<u  i .  1  H  M  a  y  1  'Oi/^ ) 
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In  the  past  four  years  the  4th  Weather  Wing,  Air  Weather  Service  has 

conducted  a  series  of  wind  forecast  verification  programs  in  an  effort  to 

*{< 

appraise  its  current  capability  to  support  the  SAGE  System  of  Air  Defense. 

The  forecast  periods  of  interest  were  6  and  12  hours',  the  levels;  30,  000 
and  40,  000  ft.  During  the  thirteen-month  period,  December  1958  through 
December  1959,  1(5  upper  air  stations  in  the  U.  S.  participated  in  this  veri¬ 
fication  program.  The  Air  Weather  Service  has  publistied  two  preliminary 
studies  based  on  these  data  (4WWSS,  1959),  summarizing  the  results  which 
were  of  immediate  concern  to  SAGE  operators.  Lack  of  manpower  and  tlie  press 
of  other  problems  precluded  completion  of  the  analysis  of  tliis  unique  data  sample 

In  a  recent  paper  Darling  and  Kern  (1961)  demonstrate  the  crucial  effect  of 
wind  forecast  errors  on  certain  manned  intercept  tactics  programmed  for  the 
SAGE  system,  Estimates  of  the  magnit\ide  of  this  wintl  effect  suggest  tliat  ac¬ 
curate  G-hour  forecasts  would  bo  needed  to  siipport  tticsc  tactics. 

A  study  by  Darling  (1960)  on  weatlier  requirements  of  the  foi'tlnuiming  a\ito- 
mated  EAA  Air  Traffic  Control  System  indicates  the  (Ic8iral)ilit,y  of  wind  pri'- 
dictlons  for  periods  of  G  liours  to  be  entered  in  tlic  memory  of  the  flight  control 
computer.  Tills  conclusion  was  corroborated  by  an  analysis  pei'formed  by 
llorg-Warncr  Corporation  (1961)  under  EAA  contract. 

In  the  course  of  reviewing  th«‘8(!  and  other  operational  pi'oblems  it  became 
apiiarcnt  to  the  author  that  a  detailed  survey  of  <’urrrnt  wind  forecasting  capa¬ 
bility  for  short  periods  was  long  overdue.  Such  a  survey  would  serve  a  dual 
pui'ixjsc;  (1)  it  would  provide  a  basis  for  evaluating  our  c\irrent  cB]iaclty  to  siip- 
|xirt  operations  siich  as  those  cited  bImivc',  (2)  where  defii  iencies  in  capability 
are  discovered  the  study  wotild  indicate  the  degree  of  improvement  req\iired  and 
hem-c  the  type  of  research  program  needed.  A<'eordi ugly ,  it  was  rleclded  that 
stich  a  survey  would  be  preparcil  at  GKD,  based  on  thi'  Li  months  of  data  idl- 
lecled  by  the  Air  Weather  Service. 


I'ederal  Aviation  .Agency 

riie  author  is  inilebt  i-il  to  ( 'ol.  Ilobert  lluivlgaard,  Seiciitifii  Seivbe.s, 
1th  Weather  Wing,  for  his  looperation  in  furnishing  ihese  rlata. 
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1.2  Data  and  Analysis 


For  each  of  the  16  stations  (section  3)  pai’ticipating  in  the  upper  wind  veri¬ 
fication  program  the  following  data  were  tabulated  by  AWS  units  for  the  period 
December  1958  through  December  1959; 

Forecast  period;  B  or  12  hours.  Only  Portland, 

Maine  had  data  for  both  periods. 

Levels:  30,000  and  40,  000  feet. 


Time: 


Time  of  the  beginning  and  ending 
of  each  forecast  period,  GMT. 


Winds  (direction 
[degrees] and  speed 
[  knots]  ); 


Observed  wind  at  the  beginning 
of  the  forecast  period.  Sub¬ 
jective  wind  forecast  made  nt  the 
beginning  and  pertaining  to  the 
end  of  the  period. 


Observed  (verifying)  wind  nt  the 
end  of  the  period. 


llccausc  the  verifying  procedure  was  carried  out  as  a  supplementary  activity 
by  weather  units  in  the  field,  there  were  eertain  times  when  this  duty  had  to 
be  neglected  in  favor  of  more  urgent  operational  responsibilities.  As  a 
result  the  station  samples  all  contain  gaps  and  in  some  rases  entire  months 
are  missing  (e.  g.  one  of  tlic  stations  was  moved  from  Mbuq\iorq\ie  to  F.l  Paso 
during  the  winter  1958-59).  The  lotal  number  of  verifications  possible  iluring 
tills  period  is  2fi,  512  six-hour  forecasts  and  12,672  twolvc-liour.  The  ror- 
responding  actual  numbers  were  19,749  (69“,'.,)  an<l  8,5116  ((ill",i.).  The  number 
of  oases  for  each  station,  level,  month  and  season  are  listed  in  the  tallies 
of  Section  3. 


The  following  quantities  were  computed  from  these  d.ata; 

Vector  variance  of  the  wind  -  1 .  e.  ,  the  clim.-itii-  variani'i'. 

Hoot  mean  square  error  of  persistence  forecasts.  This  Is  the  error 
wliich  resuits  when  the  tnensured  wiivl  at  llic  beginning  of  a  periml  is  useil 
as  a  forecast  of  the  wind  at  the  end  of  the  period. 

Hoot  mean  square  error  of  subjective  forecasts. 

liquations  for  computing  these  quantities  arc  developed  in  Se,  tion  2.  The  l  al- 
culateil  monthly  and  seasonal  errors  are  presented  anil  disi  usscd  in  Sec  tion  It. 

Through  the  ap))licntion  of  regression  theory  it  is  prnveil  in  Sci  tion  1 
that  a  sulqcrtive  short -pcrioil  forecast  is  cSHcnlially  a  hnc.ir  (uiu  tion  of 
the  observed  wiml  .at  the  beginning  of  the  period.  Making  use  of  tins  properlv. 
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a  linear  equation  relating  torecast  error  to  persistence  error  is  developed  and 
applied  to  a  large  sample  of  wind  data  to  generate  estimates  of  the  forecast 
error  over  the  entire  U.  S.  for  all  seasons. 

Finally,  the  relative  merits  of  persistence  and  subjective  forecasts  are 
explored  in  detail.  Charts  showing  the  geograpltical  distribution  of  quantities 
measuring  the  performance  of  those  two  types  of  forecasts  are  presented. 


2.  MinilOllOUKiY 

The  equations  used  to  compute  the  vector  variance,  forecast  error  ami 

- persistence  error  ftre.developed  in  this  section,  /rhe  following  terminology 

has  been  adopted: 

A  capital  letter  with  an  arrow  above  it  designates  a  vector.  The  absence 
of  an  arrow  over  a  capital  letter  indicates  the  magnifvide  of  the  vector  -  e.  g. 
V  is  tile  magnitude  of  V.  (ireck  letters  denote  the  angle  between  two  vectors. 
The  following  vectors  appear  in  the  equations.  Cl'ho  subscript,  i,  denotes  a 
particular  oliservalion): 

Vj  the  measured  wind 

V  the  veiTor  mean  wind  for  a  siiinjilc  ivf  N 

ohaerv.ations 

IF  vector  deviation  from  the  mean 

!• .  forecast  wil'd  vector 

I  '  vector  mean  forecaHl  wind 

Fj  foremiHl  c-i  ror 

\  j_  the  iiu-a.sureil  wind  at  (he  (i -p)  tli  ohsei  va(  lull, 

where  p  is  the  forecast  period 

l‘j  per.Mi.Mteiii  e  I'l  loi 
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Vector  eomponentB  are  denoted  by  a  lower  ease  pair  of  Icttci-s,  the  first 
of  which  is  the  same  as  the  vector  designation  and  the  second  is  either  x 
(west-east)  or  y  (south-north)-  e.  g. ,  F.  has  components  fXj  and  fy^. 


2.1  Vector  Variiiiu-e  of  the  Wind,  o' 

The  deviation  of  a  wind  from  the  mean  is  written  as: 


Vj  -  V 


By  the  law  of  cosines: 


=  V.^  I  V^  -  2V.V  COB  O. 


where  O.  is  the  angle  between  V,  and  V. 


By  definition  (Brooks,  1053): 


N 

,2-  1  \'  ,,2  1  )'  ,  .,2  .  ^2 

’  N  ’’i  ■  R  I''!  * 


2V,V  cos  Ojl 


Since  Vj  cos  Oj  is  tlic  comiwncnt  of  Vj  in  tlio  direction  of  V  it  follows 
that 


K  V.  cos  ...  V 


(2) 


i  1 


S\ili.slituting  (2)  into  (1)  and  reducing: 


^.2 

2  .Tt2 

„  - - \ 


CD 
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Note  that  the  first  term  is  simply  the  mean  sum  of  squares  of  N  wind 
speeds.  The  second  term  must  be  computed  from  wind  components; 


= 


'  N 

T 


N 


IT 


(4) 


2.2  Forecast  Errors 

The  expression  for  the  variance  of  forecast  errors  is  derived  from  tlie 
vec^r  JorM^  err^qr,_Ej,  .  . . . . 


Ei  =  (Fi-F)  -  (V.  -  V) 


The  vector  variance  of  forecast  errors,  VKE,  is; 


1  c  -  2 

VFH  =i  )  V.f 

N  1  =  1 


(S) 


IV  -  2  -  2  -  _ 

“i  ),  (K  -K)  I  (V.-V)''  -  2  (1-:  -1'-)  (V,-V)  (•( 
N  15]  ‘  '  '  ‘ 


where  ivj  is  tlic  angle  between  V|  -  V  and  b'.  -  I''. 


Substittiting  equation  (3); 


N  N 

V  v.^  N 

VKK  -T^  t  ^  '  --  -  -  i  V  (|.-  -D  {V,-V)  C.H  o, 

N  N  N  .  ,  ‘  > 


(3,1) 


'Dll'  t'ompMtation  of  VI-'K  is  quito  longthy  bot  ausc  nf  iho  last  trriij  in  tiiis 
cquanon  whicli  iru'olvoB  the  followinf^  calculations; 


m 
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Let  be  the  direction  of  the  vector,  F.  -  F;  the  direction  of  -  V. 
Then: 


F.  -  F  =  [  (fXj  -  fx)^  +  (fy.  -  fy)^)  ^ 
V.  -  V  =  (  (vx^  -  ^)"  +  (vy.  -  * 


All  of  the  above  quantities  must  be  eonip\itcd  for  enc-h  clay  and  substi¬ 
tuted  into  Fquation  (5)  in  order  to  determine  Vl'TO. 

Rquatlon  (fi)  can  be  simplified  In  the  case  where  the  forecasts  arc 

”  "T 

uniilasccl  (i.  c.  V  -  !•’  ). 


'riio  mean  square  error  of  the  forcrasts.  Ml*’,  is  (lofinefl  by  the  followinjj 
equation: 


MF  1  ^  F.f  -.1  ;;;;  V.^  •  l-.^  -  ZVJ-j  ms  p.]  (Cia) 

N  i  1  N  i  1 

wliorc  dj  is  the  niifclc  between  and  1''^. 

Since  liquation  ((’..i)  involves  c>nly  vector  inati'nitudcs  and  anKles,  it  is  |)fissitde 
to  compute  MF  directly  from  tabulated  values  of  V,  and  F^.  Ibereby  avoiding 
the  recourse  to  conqx'ncnts  required  in  evaliinlmi;  liquation  (ha). 
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Although  there  is  no  reason  to  assume  that  wimi  forecasts  are  biased  it 
was  decided  to  tost  this  hypothesis  on  actual  data.  P’Diir  months  of  12 -hour 
forecast  data  fojr  Po^land,  Maine  were  selected  for  this  purpose.  Quantities 
computed  were  V,  K,  VFR  and  MF.  The  results,  presented  in  T.able  1,  clearly 
substantiate  the  hypothesis  that  V  =  1’  as  the  small  difference  between  these 
two  mean  vectors  is  below  the  noise  level  of  the  data.  As  a  consequence  Vl'M'; 
is  very  nearly  equal  to  MK  and  we  are  justified  in  using  Equation  (Hal  rather 
than  the  more  complex  lOquation  (5a)  in  computing  forecast  errors. 


2.1  Pcrsisti’iK'c  lirrors 


When  the  wind  at  the  beginning  of  a  fore.'ast  period  is  used  as  a  forecast 
of  the  wind  at  the  end  of  tlic  perinil,  p,  then  llio  crroi-  duo  to  persistence  may 
he  written; 


1'.  =  V.  -  V. 

1  1  i-p 


(7) 


Tlie  mean  square  error  of  persistence  forecasts,  Mi’,  is  then  defined  .as; 


N  .  N 


^  r  'j  o 

IP  V  p  “  _  V  V  ,  V  2  _  ^  1 

N  r^i  '  N  r^i  '  ’-I’  ’  ‘-I’  ® '  J 


(7a) 


wliorr  V,  is  the  lirlwi'cn  V'.  aivl  V. 

®  1  1  I  -|> 


2.4  IVrsisirntr  (’(irr<  hilion 

I  )\irHl  ( 1  has  v<m|  thv  rxjjrrKMinn  h u  thr  st  r r  l«  )»  ( tn  i  r - 

latioii,  r,  ht'lwjM'H  vrvlors  V  an*!  W : 


1 

0 


1) 


a 


’A 


<«) 


Speed 

(kte) 


Speed 

(kts) 


Speed 

(kte) 

Direc¬ 

tion 

(deK. ) 

Speed 

(kte) 

VFE^ 

(kto* 

79.6 

261 

81.8 

1275 

76.3 

259 

76.1 

i 

686 

76.9 

269 

79.8 

1030 

73.6 

269 

76.2 

928 

82.5 

272 

B5.0 

1396 

88.6 

276 

86.7 

806 

66.3 

269 

66.5 

1550 

57.9 

^66 

61.6 

700 

79.6 

268 

82.2 

■ 

79.1 

268 

79.9 

■ 

1  jia 
682 
1034 
929 
1405 
822 
1454 
798 
1262 
812 


10 


where  and  are  deviations  from  the  respective  meansj  and 

are  standard  vector  deviations.  The  dot  in  the  numerator  denotes  a  scalar  pro¬ 
duct.  In  the  case  where  the  two  winds  are  measured  at  the  beginning  and  end 
of  a  period,  p,  at  a  particular  station,  then 


W 


=  V, 


and  0^  =  0^  =  a*,  the  stanchrd  vector  deviation  of  the  wind,  liquation  (8)  then 
reduces  to  the  vector  persistence  correlation: 


=  N  fSl 


N 


S'  11.  11.  ros  I, 

-  1  i-p  1  i 

N  1  =  1 


(!)) 


,2  2 
0  0 


whore  Is  the  angle  between  11.  ^  and  II..  llxpressing Mqvialion  (7)  in  terms 

of  deviations  from  the  mean,  suijstitiiting  into  Kquation  (7a),  ;'edm’tng  liy  the 
law  of  cosines  and  introducing  (0): 


MI> 


2<;‘^(l-r) 


(ID) 


UP  o(2(l-r))  i  {ID 

t  MOM  III  V  ,\M1  SI  ASON.M  loHH  .ASI  I  IIIIOIIS 

I'.qimtinns  (.7),  (Da),  (7a)  .ipd  (!l)  of  Srrtinn  2  linvc  been  used  it)  i oinpule 
inonthly  and  seasonal  values  of  tin-  vector  variance,  forecast  .and  persistener 
niran  square  errors,  .ami  pcrsislence  correlation  at  7n,(ll)n  and  ID,  non  ft  for  the 
tlnrtccn-month  pcrioil,  Ilrcembcr  IDSR  through  Dei  ciT)l)cr  ptf)!).  The  forru  ast 
period  was  cither  n  or  12  hours  foi- the  following  stations  (synojitii  index 
nutnhers  appear  in  (■>ari’ntheseH); 


u 


6-hour  forecasts 

Santa  Monica 
International  Falls  (747) 

Sault  Saint  Marie  (734) 

Great  Falls  (775) 

Topeka  (456) 

Norfolk  (308) 

LaGuardia  (503) 

Portland,  Maine  (606) 

Pepperrcll  AFB,  Nfld  (807) 

Quantities  tabulated  are: 

o  standard  vector  deviation  of  the  wind,  knots 

HP'  [  MPj^,  root  mean  squaFe'error  of  the  persiatence  forecasts;  knots - 

UK  ■  [  MF  ]^,  root  mean  square  error  of  tlie  subjei  tive  forecasts,  knots 
r  the  persistence  correlation 

N  number  of  cases 

Tallies  2  and  3  contain  the  monthly  data  tor  6  and  12  hours,  respectively.  A  blank 
in  the  tables  indicates  that  data  are  either  nii.ssinR  nr  insnffleient. 


13-hour  forecasts 

El  Paso  (270) 
Montgomery  (226) 
Spokane  (785) 

Flint,  .die...  i-i j  7) 
Oakland  (493) 

Seattle  (703) 

Oklahoma  City  (353) 
Portland,  Maine  (GOO) 


.1.1  Manllily  I'urecusli 

These  data  are  discussed  in  the  following  ])uragru)ihs  in  tei'ms  of  the  varia¬ 
tion  of  cri’or  wUh  forecast  period,  forec.ist  t.ypc,  height,  geography  and  time. 

3.  1.  1.  Sl.S-IIOUH  VS  TWFI.VH-IIOUH  FOHKCA.STS 

The  effect  of  forecast  period  <'an  best  be  seen  by  i  omparing  the  dala 
for  Portland,  Maine  in  Tables  2h  (p.  21)  and  3h  (p  .  30).  The  12-hour  vahu’S  of 
HP  aivl  HF  generally  range  from  sis  to  ten  knots  higher  than  the  eorreM|)onding 
G  hour  values.  The  diffiu'cnci'  between  G-iin<l  iZ-hour  eri'ors  is  gi  isitest  in  winter', 
least  in  suiitmi'r.  Annual  avei'age  values  of  Ith  ai'e  alsiut  21  kts  for-  11  hours  anil 
3  1  kts  for'  1 2  hou I's. 

3.  1.  2.  PFHSISTKNCK  V.S  .SIHU  EtTIV  F.  FOH  K( ' AST.S 

The  salient  fi  uftii-e  of  the  eompai  ison  between  HP  and  HF  is  tin- 
tendency  of  per  sistence  ami  for  ei  ast  er  ror  s  to  var  y  in  parurllel  in  the  sense  that 
lar  ge  vaUri’S  of  HP  are  assoi  iateil  w'ith  lar  ge  vuiires  of  HF  at"!  v.i  e  vifsa. 

Firrtlu  r  trrnre,  it  may  be  seen  tb.rt  persi.str'tX'r'  err nr's  of  alsurt  2(1  kts  .ind  rdiove 
arc  preisinderarrtly  assoerateil  with  values  of  HF  whielr  ar  r'  less  thrrn  HP.  fon- 
vcr  scly,  for-  per  sistence  errors  of  less  tharr  2l)  kts  HF  ttuids  to  he  greali'r'  than 


the  corresponding  RP. 


3.  1.  3.  VARIATION  OF  ERRORS  WITH  HEIGHT 

During  the  winter  months  forecast  errors  (both  RP  and  RF)  are 
larger  at  30,  000  ft  than  at  40,  000  ft.  In  the  summer  tlie  reverse  is  true  for 
most  stations.  The  standard  vector  deviation  of  the  wind  exhibits  the  same 
behavior. 

3. 1.  4.  GKOGRAPHICAI.  DI.STRIBUTION 

Both  the  six-and  twelve-hour  errors  sliow  the  same  type  of  dis¬ 
tribution  with  geography.  Centers  of  niaxiinum  ei  ror  are  locateil  in  the  north¬ 
eastern  and  northwestern  corners  of  the  country.  Smallest  errors  occur  over 
the  north  central  and  southern  portionsi^=  Errors  over  the  centraPU.  S;^arc 
intermediate  in  magnitude. 

3.  1.  !).  ANNilAI,  VARIATION 

At  30,  000  ft  the  general  pattern  of  annual  variation  in  forci'a.st 
error  consists  of  a  mai’ked  minimum  in  the  summer  montlis  arul  considci-ahly 
higlu'C  values  (luring  the  lunnaindcr  of  the  year.  The  maximum  error  may 
occur  in  any  season  (;xc(rpt  summer,  but  winter  seems  to  be  the  favoiu’il 
time.  At  40,00(1  ft  minimum  errors  tend  to  be  registeiu'd  in  winter  or  spring; 
maximum  errors  in  suimmn-  or  fall. 


1.2  ScaMinal  I orctaMs 

In  order  to  increase  tin-  sample  .si/.e  for  eacli  error  statistii-  witii  tiie 
aim  of  acl\icving  a  more  stalile  result  tlie  data  for  individual  months  un'ce 
condtined  into  scusons  in  tile  fidlowing  manner: 


Montlis  .Siuisoii 

Doc  TiB,  .Ian,  l•'el)'.'^!l  Winter 

Mar,  Apr,  May  '.30  Spring 

.lane,  .lul,  Aug  '.3!l  Summer 

Sep,  Oct,  Nov  '.SO  hall 


\  .due.s  ol  (1,  Ml’,  Ml''  aiK'.  r  were  eompute*l  for  i-.ieh  .si'usnji  using  the  s.oim- 
euualioiiH  as  before.  Six-hour  ei  ror.s  .o-e  .shown  in  Table  4,  Ig-linui  value', 
in  I'abli*  .3.  The  rem.nk.s  in  p.i.r.igrapli.s  .3.  1.  1.  through  ■(.  1.  .3.  ahovr  .ipplv 


INDEX  TO  TABLES  2,  3,  4,  5 

Table  2.  Monthly  Wind  Statistics  and  Six-Hoiir  Forecast  Errors 
Table  3.  Monthly  Wind  Statistics  and  Twclvc-Honr  l^'orecast  Ilrrors 
Table  4.  Seasonal  Wind  Statistics  and  Six-Hour  I'orccast  Ib-rors 
Table  5.  Seasonal  Wind  Statistics  and  Twelve-Hour  I’orccast  Ei-rors 


Table  Number 

2 

3  4 

5 

I’apc  Numbers 

Symbols  used  in  tables 

14 

23  3  1 

34 

Stations 

I'',!  I’aso 

23 

3'l 

l■'lint 

25 

35 

(;r(uit  I''all8 

17 

32 

International  i•■nlls 

15 

31 

l,a  Guardia 

20 

33 

Mont  gomery 

2-1 

34 

Noi'folk 

1!) 

32 

Oakland 

27 

35 

Oklahoma  City 

2!1 

3(1 

I’eppcrrcll  Al’H,  Nfld 

22 

33 

rorllaud,  Maine 

21 

311  33 

31. 

Santa  Monica 

14 

3  1 

Saiilt  Stc.  Marie 

Hi 

31 

Sc'attlc 

211 

35 

S|Kikanc 

2(1 

34 

'I’opcko 

HI 

32 

14 


Table  2.  Monthly  Wind  Statistics  and  Six-Hour  Forecast  Errors 

a  standard  vector  deviation  of  the  wind. 

RP  root  mean  square  error  of  persistence  forecasts. 
RF  root  mean  square  error  of  subjective  forecasts, 
r  six  hour  persistence  correlation. 

N  number  of  cases. 


a.  SAMTA  MONICA 


Month 

Uvsl 

(K  ft) 

a 

knots 

RP 

hnota 

RF 

knots 

r 

N 

Ooocnbor  19^3  30 

27.3 

16.6 

16.9 

.82 

101 

51.1 

16.7 

17.0 

.86 

102 

January  1959 

30 

33.6 

23.2 

20.7 

•  76 

118 

40 

34.8 

17.1 

24.6 

.88 

112 

Fabruary 

30 

44.1 

25.2 

20.1 

.84 

87 

40 

29.5 

17.4 

14.3 

.83 

76 

March 

30 

26.3 

20.3 

18.6 

.70 

116 

40 

34.4 

19.4 

18.7 

.84 

114 

April 

30 

33.8 

17.7 

17.0 

.86 

116 

40 

35.5 

17.0 

18.4 

.88 

114 

May 

30 

33.1 

20.9 

19.3 

.80 

114 

40 

27.5 

15.7 

16.6 

.84 

110 

June 

30 

21.9 

13.2 

14.0 

.82 

111 

40 

27.1 

15.4 

15.5 

.84 

105 

July 

30 

19.0 

8.3 

13.1 

.91 

109 

40 

24.8 

10.1 

10.1 

.92 

114 

August 

30 

21.4 

12.4 

12.3 

.84 

117 

40 

29.2 

12.2 

13.1 

.91 

119 

Sspttabsr 

30 

22.2 

14.2 

13.2 

.80 

111 

40 

26.1 

14.7 

14.3 

.84 

108 

October 

30 

31.8 

18.5 

17.3 

.83 

118 

40 

35.5 

19.1 

17.1 

.86 

115 

Novanbtr 

30 

28.9 

19.1 

19.4 

.78 

117 

4C 

35.6 

19.3 

19.3 

.85 

115 

Oteaabsr 

30 

47.8 

25.4 

21.9 

.86 

112 

40 

56.0 

22.6 

16.1 

.92 

99 

Table  2.  Monthly  Wind  Statistics  and  Six-Hour  Forecast  Fi  rors 
(continued) 


b.  IWPRBWtTTONAL  (747) 


Month 

Laval 
(K  ft) 

a 

knotfi 

8P 

knots 

KF 

knots 

r 

N 

Dacember  19^8 

?o 

40 

_  _ _ - - 

■.Tiritftfy  1959 

^  tn 

24. V 

26.8 

.82 

111 

40 

33.8 

15.4 

20.6 

.90 

102 

Fabruary 

30 

40.7 

24.8 

23.6 

.8i 

100 

40 

25.9 

15.6 

16.3 

.82 

98 

March 

30 

40.5 

30.0 

27.2 

.73 

98 

40 

19.7 

12.8 

13.3 

.79 

97 

April 

30 

49.8 

27.4 

25.7 

.85 

96 

40 

27.0 

16.5 

15.9 

.81 

93 

May 

30 

51.7 

16.0 

28.2 

.95 

101 

40 

44.4 

21.3 

23.2 

.88 

96 

Juna 

30 

39.1 

24.1 

20.8 

.81 

95 

40 

42.0 

22.8 

21.0 

.85 

91 

Ju  ly 

30 

31.3 

22.1 

15.9 

.75 

104 

40 

34.2 

22.7 

18.0 

.78 

104 

August 

50 

36.9 

21.6 

27.1 

.83 

92 

40 

37.0 

22.0 

20.0 

.82 

94 

Saptanbar 

30 

46.4 

28.2 

22.9 

.82 

105 

40 

42.2 

26.8 

23.1 

.80 

95 

October 

30 

45.3 

29.8 

21.7 

.78 

94 

40 

39.0 

17.4 

12.9 

.90 

91 

NovaBbar 

30 

55.9 

32.0 

26.8 

.84 

101 

40 

41.3 

22.7 

19.4 

.85 

88 

DacaBbar 

30 

52.5 

25.5 

28.7 

.88 

102 

40 

36.9 

21.7 

21.7 

.83 

95 

16 


[ 


Table  2.  Monthly  Wind  Statistics  and  Six-Houi’  Forecast  hh  rors  (continued) 


c.  SAULT  STF.  MAME  (734) 


Month 

Laval 
(K  ft) 

a 

knots 

RP 

knots 

RF 

knots 

r 

N 

Decdobar  195& 

30 

39.5 

28.8 

25.1 

.73 

106 

hO 

23.7 

16.6 

16.0 

.76 

103 

Jmiu -IQSQ 

30 

50,8— 

27,4 _ 

20,6—. 

.85 

10^ 

40 

37.6 

17.4 

16.1 

— •St' 

•  oy 

95 

Fa  bru  ary 

30 

44.4 

30.5 

29.3 

.76 

83 

40 

28.0 

17.9 

19.3 

.80 

73 

March 

30 

45.2 

29.0 

25.3 

.79 

109 

40 

23.4 

17.4 

15.5 

.72 

101 

April 

30 

45.2 

25.2 

21.1 

.84 

98 

40 

29.6 

19.3 

14.9 

.79 

92 

May 

30 

39.0 

26.9 

24.7 

.76 

105 

40 

36.6 

25.1 

19.9 

.76 

101 

Juna 

30 

40.9 

24.4 

20.2 

.82 

106 

40 

43.7 

22.3 

18.0 

.87 

101 

July 

30 

33.6 

18.3 

15.0 

.85 

91 

40 

35.1 

20.8 

17.8 

.82 

86 

August 

30 

28.1 

18.4 

19.1 

.79 

106 

40 

32.0 

22.9 

19.2 

.74 

98 

Saptaabar 

30 

46.5 

30.8 

23.9 

.78 

95 

40 

42.0 

25.1 

26.3 

.82 

90 

Octobar 

30 

43.0 

28.0 

22.0 

.79 

106 

40 

38.2 

20.5 

8.6 

.86 

101 

Hovambar 

30 

52.2 

29.1 

13.5 

.84 

90 

40 

39.3 

18.0 

18.0 

.89 

77 

Dacanher 

30 

51.7 

27.2 

24.8 

.86 

106 

40 

30.3 

16.4 

15.8 

.85 

95 

Table  2. 
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Monthly  Wind  Statistics  and  Six- Hour  Forecast  Krrors 
(continued) 


d.  nuBiiT  PtT.T.Q 


Month 

liSval 

(K  ft) 

knots 

RP 

knots 

RF 

knots 

r 

N 

Daeamber  1958 

JO 

45.5 

J1.6 

31.5 

.76 

90 

40 

350 

23*2 

24.7 

•78 

- 85 

January  19!59 

30 

4A.1 

28.2 

25.8 

.81 

ITT 

40 

33-7 

20.J 

22.9 

.82 

98 

February 

30 

44.4 

25.9 

25.8 

.83 

84 

40 

26.8 

10.7 

13.2 

.92 

80 

March 

JO 

46.8 

29.9 

32.1 

.80 

118 

40 

29.'* 

16.2 

19.5 

.85 

113 

April 

JO 

51.0 

25.5 

27.3 

.88 

94 

40 

36.0 

18,5 

20.7 

.87 

92 

Mnjr 

JO 

46.4 

16.8 

23.6 

•P 

101 

40 

33.5 

19.9 

19.1 

.82 

97 

Juna 

10 

33.8 

22.7 

23.9 

.77 

102 

40 

35.5 

20.9 

23.9 

.85 

102 

July 

JO 

30.4 

19.3 

19.5 

.80 

118 

40 

44.1 

J6.2 

36. 3 

.66 

118 

August 

30 

J4.0 

26.1 

25.4 

.70 

114 

40 

35.5 

19.6 

21.3 

.85 

105 

Saptsabsr 

JO 

40.J 

25.1 

25.4 

.81 

40 

32.'* 

18.9 

22.8 

.83 

Ootobar  JO 

40 


Noraabtr  JO 

40 


Daoaabar  JO 

40 
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Table  2.  Monthly  Wind  Statistics  and  Six-Hour  Forecast  Krrors  (continued) 


•  .  TOPaU.  (456) 


Month 

Laval 
(K  ft) 

a 

knots 

HP 

knots 

HP 

knots 

r 

N 

Docanbor  19&8 

30 

A5.4 

29.2 

27.2 

.79 

76 

AO 

33.0 

19.0 

18.4 

.84 

69 

January  1959 

30 

50.0 

30.3 

29.0 

.82 

96 

AO 

22.5 

22.3 

•  88 

79 

Fabruary 

30 

34.9 

28.0 

20.3 

.68 

87 

AO 

37.5 

26. A 

20.1 

.75 

70 

March 

30 

41.5 

30.0 

28.5 

.74 

104 

AO 

25.0 

22.2 

17.4 

.61 

99 

April 

30 

45.9 

26.1 

22.2 

.84 

97 

AO 

40,0 

20.7 

21.1 

.86 

92 

Hay 

30 

31.7 

24.9 

22.9 

.69 

96 

AO 

35.7 

26.7 

23.6 

.72 

92 

Juni 

30 

23.7 

15.2 

9.4 

.79 

95 

AO 

32.6 

20.6 

21.9 

.80 

88 

July 

30 

26.7 

21.1 

21.5 

.69 

100 

AO 

29.2 

24.7 

24.5 

.64 

99 

August 

30 

26.3 

18.0 

17.5 

.77 

68 

AO 

35.6 

22.2 

22.0 

.81 

65 

Ssptaabsr 

30 

33.5 

18.  A 

15.7 

.85 

92 

AO 

37.4 

28.7 

24.4 

.71 

89 

Ootobsr 

30 

43.1 

30.4 

28.2 

.75 

97 

AO 

40.5 

28.4 

27.0 

.75 

91 

NoTsabar 

30. 

47.2 

30.5 

27.6 

.79 

111 

AO 

40.3 

25.5 

26.0 

.80 

102 

Daoaabar 

30 

45.4 

31.3 

27.2 

.74 

107 

AO 

AA.O 

25.7 

26.2 

.85 

89 

10 


Table  2.  Monthly  Wind  Statistics  and  Six-Hour  Forecast  Errors 
(continued) 


f.  NOWOLIC  (^08) 


Month 

Laval 

0 

RP 

HF 

r 

N 

(K  ft) 

knots 

knots 

knots 

0«e«mb«r  1958 

30 

44.4 

32.5 

33.9 

.73 

35 

40 

44.5 

27.8 

26.3 

.80 

January  1959 

30 

44.8 

30.3 

24.7 

.77 

83 

40 

37.2 

20.6 

28.0 

.85 

61 

Fabruary 

30 

40.4 

28.9 

27.6 

.74 

78 

40 

40.8 

29.1 

29.4 

.74 

62 

Maroh 

30 

49.0 

37.0 

25.6 

.72 

86 

40 

35.4 

22.6 

23.6 

.80 

70 

April 

30 

36.6 

27.4 

22.2 

.72 

101 

40 

• 

39.1 

22.5 

21.4 

.83 

97 

May 

30 

38.0 

18.1 

19.2 

.89 

108 

40 

36.5 

18.3 

17.7 

.88 

98 

Juni 

30 

3J.4 

17.8 

15.8 

.86 

110 

40 

36.9 

19.8 

18.6 

.86 

100 

July 

30 

18.9 

12.5 

12.0 

.78 

101 

40 

28.4 

16.9 

16.4 

.82 

100 

August 

30 

25.7 

13.2 

4.4 

.87 

99 

40 

37.3 

17.6 

15.6 

.89 

87 

Septsabar 

30 

28.8 

12.3 

13.4 

.91 

96 

40 

39.7 

17.8 

17.7 

.90 

93 

Ootobar 

30 

38.6 

19.8 

17.0 

.87 

107 

40 

45.6 

24.7 

22.4 

.85 

101 

Novaabar 

30 

40.1 

29.3 

24,4 

.73 

94 

40 

45.2 

23.0 

24.0 

,86 

87 

Daoaobar 

30 

51.6 

32.2 

27.2 

.80 

102 

40 

45.5 

29.7 

26.1 

.79 

68 

20 


Tabic  2.  Monthly  Wind  Statistics  and  Six-Hour  Forecast  Frrors  (continued) 


g.  MMABBU  (SOS) 


Mouth 

Level 
(k  ft) 

0 

knots 

RP 

knots 

RF 

knots 

r 

H 

D«o*Bb«r_1958 

30 

4?.? 

36.5 

34.4 

.71 

79 

40  ■ 

35.1 

-23.1— 

-22.7 

.78 

62 

January  1959 

30 

50-5 

26.8 

27.0 

.86 

92 

40 

37.5 

24.1 

23.0 

.79 

77 

February 

30 

45.9 

34.0 

31.1 

.73 

82 

40 

36.1 

27.4 

28.2 

.71 

69 

Hot  oh 

30 

47.5 

32.8 

28.7 

.76 

95 

40 

35.6 

21.0 

18.8 

.80 

86 

April 

50 

47.3 

37.8 

33.7 

.68 

89 

40 

38.9 

25.5 

22.2 

.79 

88 

Hoy 

50 

44.4 

19.9 

21.4 

.90 

116 

40 

46.2 

23.0 

21.5 

.88 

101 

June 

30 

31.1 

23.5 

25.4 

.72 

110 

40 

37.3 

21.7 

20.2 

.83 

108 

July 

30 

27.7 

17.9 

15.2 

.79 

105 

40 

36.6 

21.2 

18.5 

.83 

los 

August 

>0 

25.3 

17.2 

17.0 

.77 

108 

40 

38.5 

20.5 

19.9 

.86 

108 

Septeaber 

30 

55.6 

18.8 

19.5 

.86 

106 

40 

43.7 

24.2 

20.7 

.85 

104 

October 

30 

40.4 

22.5 

20.5 

.85 

102 

40 

42.8 

24.5 

26.5 

.84 

98 

Koveaber 

30 

48.2 

29.2 

25.6 

.82 

89 

40 

44.0 

24.7 

24.9 

.84 

80 

Deoeaber 

50 

Table  2.  Monthly  Wind  Statistics  and  Six-Hour  Korerast  Mri-ors 
(continued) 


h.  jjQBIMg  CfeSl 


Month 

Level 
(K  ft) 

o 

knots 

HP 

knots 

RF 

knots 

r 

H 

Doconber  1958 

30 

1*0 _ 

January  1959 

30 

47.3 

28.2 

28.8 

.82 

91 

40 

37.2 

19.6 

21.0 

•  86 

87 

February 

30 

46.8 

33.7 

27.3 

.74 

90 

40 

34.3 

26.0 

22.5 

.71 

73 

March 

30 

46.6 

31.6 

26.6 

.77 

93 

40 

28.9 

17.3 

16.4 

.82 

88 

April 

30 

43.6 

30.0 

23.9 

.76 

99 

40 

54.0 

20.8 

21.0 

.81 

93 

Hay 

30 

39.7 

22.4 

19.1 

.84 

106 

40 

39.6 

20.9 

19.4 

.86 

102 

June 

30 

42.9 

22.7 

23.8 

.86 

101 

40 

47.0 

18.5 

17.5 

.92 

95 

July 

30 

34.4 

27.3 

18. 9 

.68 

95 

40 

41.0 

25.1 

20.9 

,81 

91 

Auguot 

30 

33.8 

20.4 

22.8 

.82 

81 

40 

43.0 

22.9 

26.4 

,86 

76 

September 

30 

58.6 

20.3 

21.0 

.86 

87 

40 

42.8 

21.5 

23.6 

.87 

83 

October 

30 

37.5 

26.2 

22 . 4 

.76 

89 

40 

35.3 

25.7 

22.7 

.74 

86 

November 

30 

46.6 

34.  5 

29.0 

.73 

90 

40 

41.7 

25.. 

21.9 

.82 

74 

December 

30 

47.9 

34.5 

24.6 

71 

40 

28.6 

16.7 

15.4 

60 

22 


Table  2,  Monthly  Wind  Statistics  and  Six-Hour  Forecast  Errors  (continued) 


1.  PEPPERRELL  (807) 


Month 

Laval 
(K  ft) 

C 

knots 

RP 

Icnota 

RF 

knots 

T* 

H 

Cacanbar  19^6 

30 

40 

30.0 

24.7“ 

^Jiuittarjr  1959 

30 

48*2 

“•81 

100 

40 

37.6 

19.6 

16.8 

.86 

99 

February 

30 

46.6 

28.1 

28.8 

.82 

83 

40 

33.0 

IS.4 

17.7 

.85 

83 

March 

30 

46.2 

32.4 

32.2 

.75 

90 

40 

26.5 

18.3 

24.0 

.76 

85 

April 

30 

56.6 

33.0 

33.0 

.83 

108 

40 

35.3 

21.0 

20.3 

.82 

108 

May 

30 

62.6 

32.2 

36.4 

.8? 

118 

40 

49.5 

20.7 

22.8 

.13 

112 

Juna 

30 

55.8 

27.9 

26.1 

.88 

112 

40 

50.9 

24.8 

24.2 

.88 

106 

July 

30 

38.2 

24.0 

24.3 

.80 

117 

40 

41.4 

24.5 

26.0 

.82 

116 

August 

30 

37.3 

22.0 

23.1 

.83 

114 

40 

45.4 

22.4 

.n.8 

.88 

116 

Saptamber 

30 

43.1 

29.3 

31.6 

.77 

120 

40 

44.7 

26,4 

28.0 

.83 

120 

October 

30 

49.8 

30.8 

31.2 

.61 

124 

40 

46.8 

30.0 

28.5 

.80 

119 

Novanba  r 

30 

5^.7 

33.1 

32.7 

.80 

112 

40 

45.1 

29.6 

28.2 

.78 

95 

DacafliUer 

30 

49.0 

35.6 

33.8 

.74 

109 

40 

31.0 

18,3 

18.6 

.83 

102 

Table  3.  Monthly  Wind  Statistics  and  Twelve-Hour  Forecast  Errors 
o  standard  vector  deviation  of  the  wind. 

RP  root  mean  square  error  of  persistence  forecasts. 

RF  root  mean  square  error  of  subjective  forecasts, 

r  twelve-hour  persistence  correlation. 

N  number  of  cases. 


a.  EL  PASO  (a7Q) 


Month 

I<avsl 
(K  ft) 

a 

knots 

RP 

knots 

RT 

knots 

r 

H 

DaoaBbar  1958 

January  1959 

Fahruary 

I 

o  o  o  o  o  o 

March 

30 

25.6 

34.6 

37.4 

.09 

15 

40 

28.0 

30.9 

32.6 

.39 

14 

April 

30 

20.5 

16.0 

18.4 

.69 

31 

40 

30.3 

24.3 

21.3 

.66 

20 

May 

30 

20.0 

16.2 

18.7 

.67 

37 

40 

25.7 

20.9 

20.8 

.67 

29 

Juna 

30 

24.7 

16.9 

17.0 

.77 

54 

40 

30.3 

23.0 

23.9 

.71 

48 

July 

30 

16.8 

14.5 

14, B 

.64 

54 

40 

21.1 

18.8 

18.9 

.60 

54 

August 

30 

12.8 

10.7 

10.7 

.65 

52 

40 

17.5 

16.4 

16.7 

.56 

54 

Saptanbar 

30 

20.8 

i6.3 

14.8 

.70 

49 

40 

24.1 

16.0 

16.6 

.78 

43 

Octobar 

30 

29.4 

24.1 

21.2 

.66 

44 

40 

28,5 

26.1 

23.7 

.58 

38 

Novaabar 

30 

28.4 

28.7 

24.6 

.49 

34 

40 

26.3 

27.4 

25.7 

.46 

18 

Daeaabar 

30 

31.5 

34.3 

31.5 

.41 

23 

40 

23.'< 

27.8 

35.9 

.29 

13 

24 


Table  3.  Monthly  Wind  Statistics  and  Twclvc-Hoiic  Forecast  Krrors  (contimieil) 


b.  notaao'im 


Month 

Level 
(K  ft) 

a 

knots 

HP 

knots 

RF 

knots 

r 

N 

Decambor  1958  30 

40 

January  1959  _ 30 

36.2 

32.7 

30.5 

.59 

51 

40 

35.2 

32.6 

30.7 

.57 

51 

February 

30 

35.8 

34.7 

36-7 

.53 

54 

40 

34.5 

29.1 

33.8 

.64 

46 

March 

30 

37.0 

53.3 

28.6 

.60 

50 

40 

38.7 

32.0 

28.8 

.66 

41 

April 

30 

35.2 

26.0 

24.8 

.73 

36 

40 

42.7 

33.5 

31.3 

.69 

33 

May 

30 

25.5 

15.8 

14.4 

.81 

56 

40 

34.5 

31.3 

24.1 

.59 

56 

June 

30 

25.9 

19.2 

22.0 

.72 

59 

40 

35.6 

24.9 

21.9 

.75 

58 

July 

30 

17.0 

13.9 

13.6 

.67 

59 

40 

22.0 

17.2 

17.4 

.70 

59 

August 

30 

19.1 

16.2 

15.5 

.64 

60 

40 

25.2 

19.5 

22.9 

.71 

60 

September 

30 

21.1 

17.7 

17.8 

.65 

55 

40 

25.6 

21.8 

21.5 

.64 

54 

October 

50 

33.3 

23.8 

22.1 

.74 

56 

40 

41.4 

26.5 

24.2 

.80 

50 

Noveober 

30 

40 

Deceabar 

30 

37.7 

38.2 

31.5 

.49 

52 

40 

38. 3 

39.1 

32.3 

.48 

51 

Table  3.  Monthly  Wind  Statistics  and  Twelve-Houi*  Forecast  Errors 
(continued) 


d. 

FLINT  (637) 

Month 

Laval 
(K  ft) 

a  RP 

knotB  knots 

HF  r 

knots 

N 

Dacaaber  1958 

30 

41.5 

47.6 

42.6  .3't 

42 

40 

22.4 

16.6 

23.0  .73 

37 

January  1959 

30 

51.0 

40 

37.0 

Fabrunry 

30 

39.3 

40 

29.1 

March 

30 

38.1 

40 

22.5 

April 

50 

40.6 

40 

29.1 

May 

30 

32.3 

40 

53.5 

June 

30 

37.5 

4o 

45.0 

July 

30 

28.4 

40 

33.** 

August 

30 

25.5 

40 

31.2 

Saptanbar 

30 

4o 

October 

30 

40 

Novanbar 

30 

40 

Dacaaber 

30 

40 

42.1 

32.3 

.66 

49 

28.4 

23.9 

.71 

46 

38.1 

33.3 

.53 

4l 

27.6 

24.0 

.55 

33 

40.1 

30.3 

.45 

52 

22.2 

18.5 

.51 

50 

43.3 

32.6 

.43 

49 

25.0 

17.5 

.63 

47 

25-7 

22.2 

.68 

54 

30.4 

24.7 

.59 

52 

24.6 

19.1 

.78 

47 

30.2 

24.5 

.78 

47 

25.9 

17.1 

.58 

57 

27.4 

25.7 

.  66 

53 

21.7 

19.7 

.64 

45 

24.0 

22.5 

.70 

45 

26 


Table  3.  Monthly  Wind  Statistics  and  Twelve-Hour  Forecast  I'h'rora  (continucil) 


Month 

Laval 
(K  ft) 

0 

knots 

RP 

knots 

RF 

knots 

r 

N 

Daceobar  1958 

30 

40 

January  1959 

30 

52.'! 

40.1 

37.1 

.71 

62 

40 

37.2 

25.5 

25.8 

.77 

58 

Fabruary 

,30 

45.1 

35.0 

29.0 

.70 

54 

40 

31.8 

21.0 

24.3 

.78 

54 

March 

30 

48.8 

46.8 

37.1 

.54 

62 

40 

26.2 

23.1 

22.5 

.61 

62 

April 

30 

49.1 

31.9 

32.4 

.79 

56 

40 

42.0 

24.5 

19.1 

.83 

54 

Hay 

30 

47.8 

29.0 

32.3 

.82 

58 

40 

36.6 

21.7 

17.3 

.82 

58 

Juna 

30 

58.6 

28.5 

16.8 

.73 

56 

40 

37.5 

27.2 

24.9 

.74 

52 

July 

30 

28.5 

27.5 

17-9 

.54 

60 

40 

23.0 

23.5 

2U.9 

.48 

60 

August 

30 

37.0 

28.4 

24.7 

.70 

62 

40 

38.9 

30.5 

25.9 

.69 

62 

Septambar 

30 

53.5 

37.9 

34.8 

.75 

58 

4o 

46.4 

28.4 

22.9 

.81 

57 

Oc  tobe  r 

30 

'Ji.S 

39.0 

32.2 

.75 

62 

‘♦0 

45.8 

52.2 

26.1 

.75 

57 

Hovenber 

30 

46.5 

43.7 

21.4 

.56 

60 

40 

41.3 

35.9 

29.8 

.62 

51 

Daceobar 

30 

50.7 

45.5 

35.5 

.60 

62 

40 

37.4 

28.4 

28.1 

.71 

60 

27 


Table  3.  Monthly  Wind  Statistics  and  Twelve-Hour  Forecast  Krrors 
(continued) 


«.  QAKLAMD 


Month 

Laval 

0 

RP 

RF 

r 

N 

(K  ft) 

knots 

knots 

knots 

Decenbar  1958 

30 

31.9 

26.3 

24.5 

.66 

50 

*0 

33.3 

21.7 

23.1 

.77 

50 

January  1959 

30 

45.1 

33.'* 

30.9 

.73 

57 

40 

43.6 

33.4 

32.3 

.71 

54 

February 

30 

50.5 

33.8 

29.9 

.78 

43 

40 

32.7 

24.9 

22.6 

.71 

38 

March 

30 

29.1 

28.0 

24.8 

.54 

60 

40 

30.6 

31.3 

28.1 

.48 

56 

April 

30 

5'*. 7 

28.0 

25.9 

.68 

58 

40 

23.6 

26.2 

.76 

59 

May 

30 

42.0 

36.3 

33.2 

.63 

62 

40 

35.8 

28.2 

29.0 

.69 

62 

June 

30 

31.8 

22.3 

20.5 

.75 

57 

40 

38.0 

28.6 

23.3 

.72 

58 

July 

30 

18.4 

16.0 

14.5 

.62 

56 

40 

21.9 

18.5 

18.7 

.64 

56 

August 

30 

28.2 

21.6 

22.2 

.71 

58 

40 

31.9 

23.5 

23.5 

.73 

58 

Saptaabar 

30 

37.1 

26.3 

24.7 

.75 

58 

40 

39.1 

27.8 

20.6 

.75 

57 

October 

30 

32.6 

24.0 

24.3 

.73 

53 

40 

>4.4 

30.7 

26.5 

.60 

55 

Novaabar 

30 

28.8 

28.6 

28.2 

.51 

49 

40 

31.6 

>0.6 

31.5 

.53 

46 

Dacaabar 

30 

46.2 

35.7 

33.0 

.70 

48 

40 

47.7 

40. > 

30.4 

.64 

36 

I 


28 


Table  3.  Monthly  Wind  Statistics  and  Twelve-Hour  Forecast  Krrors  (continued) 


f.  SEATTLE  (793) 


Month 

Laval 
(K  ft) 

a 

knote 

BP 

knots 

RF 

kaotB 

r 

H 

Da combo r  1938 

30 

41.2 

37.3 

38.7 

.59 

34 

40 

31.8 

29.5 

32.1 

.57 

33 

juumry  1939 

30 

65.0 

47iO 

42  i  8 

.74 

58 

40 

44.6 

28.7 

25.8 

.79 

58 

Fobruary 

30 

48.2 

37.0 

36.8 

.70 

54 

40 

34.2 

21.6 

21.7 

.80 

54 

March 

30 

47.7 

49.7 

40.9 

.46 

58 

40 

30.0 

28.6 

24.1 

.54 

58 

Aprll» 

30 

51.3 

43.1 

38.9 

.65 

60 

40 

38.2 

24.2 

24.6 

.80 

60 

May 

30 

54.5 

35.2 

34.9 

.79 

62 

40 

37.7 

22.8 

21.3 

.82 

62 

Juno 

30 

40.0 

30.9 

28.7 

.70 

60 

40 

35.1 

25.7 

23.5 

.73 

60 

July 

30 

30.6 

27.2 

24.2 

.60 

59 

40 

27.3 

22.8 

21.2 

.65 

59 

August 

30 

34.2 

27.5 

25.0 

.68 

59 

40 

36.0 

29.7 

27.4 

.66 

57 

Saptsmbor 

30 

59.1 

36.2 

33.7 

.81 

56 

40 

56.5 

27.6 

25.2 

.88 

54 

Octobsr 

50 

50.2 

40.9 

35.3 

.67 

62 

40 

42.3 

34.6 

39.6 

.66 

57 

NoToabar 

50 

44.4 

43.5 

39,2 

.52 

56 

40 

38.9 

36.2 

31.9 

.57 

53 

Dscoabor 

30 

53.6 

48.7 

42.1 

.59 

58 

40 

45.0 

35.4 

30.4 

.69 

55 

Table  3.  Monthly  Wind  Statistics  and  Twelve-Hour  Forecast  Mrrors 
(continued) 


g.  OKLAHOMA  CITY  (35^) 


Month 

Level 
<K  ft) 

a 

knots 

RP 

knots 

HF 

knots 

r 

N 

Docember  1958 

30 
__  .J*  0 

-  -- 

January  1959 

February 

March 

o  o  o  o  o 

42.5 

35.9 

35.** 

.64 

41 

40 

31.8 

27.7 

27.2 

.62 

55 

April 

30 

39.5 

36.5 

30.2 

.57 

56 

40 

37.8 

29.2 

21.4 

.70 

56 

Hay 

30 

23.9 

24.1 

20.4 

.49 

48 

40 

32.6 

33.3 

28.6 

.48 

48 

June 

30 

28.  t 

29.1 

24.4 

.47 

52 

40 

39.2 

34.6 

33.2 

.61 

48 

July 

30 

26.0 

21.6 

20.5 

.66 

57 

40 

28.4 

21.9 

23.0 

.70 

58 

August 

30 

20.6 

14.5 

13.9 

.75 

58 

40 

22.9 

16.6 

14.8 

.74 

58 

Sapteabar 

30 

28.1 

20.6 

20.1 

.75 

58 

40 

31.1 

25.8 

24.8 

.66 

55 

October 

30 

52.4 

29.2 

25.7 

.59 

57 

40 

35.9 

31.1 

29.5 

.65 

57 

NoTtabar 

30 

45.5 

42.3 

35.1 

■  57 

56 

40 

40.1 

57.7 

56.0 

.^6 

55 

Daoaabar 

30 

44.9 

40.2 

30,8 

,6C, 

f>(J 

40 

42.5 

36.6 

29.3 

.63 

60 

30 


Table  3.  Monthly  Wind  Statistics  and  Twelve-Hour  Forecast  Errors  (continued) 


h.  PORTLAND  (606) 

Month  Level  q  pp  pp  r  N 

_ (K  ft)  knots  knots  knots _ 

'♦J  29 

60  39 


OecaDber  1938 
•JMUftry  1959  ; 
February 

March 

April 

May 

Juno 

July 

August 

Septenber 

October 

Novoaber 

Deceaber 


30 

A8.7 

AO 

32.5 

30 

A8.0 

AO 

38.2 

30 

A5.8 

AO 

39.0 

30 

A3. A 

AO 

28. A 

30 

A9.2 

AO 

34.1 

30 

39.9 

AO 

AO. 2 

30 

A1.7 

AO 

A8.5 

30 

35.0 

Ao 

AA.l 

30 

3A.A 

Ao 

AA.l 

30 

38.2 

AO 

39.8 

30 

39.3 

AO 

37.9 

30 

A6.8 

AO 

A5.7 

30 

50.1 

*♦0 

3A.6 

52.0 

36.2 

28.6 

26.1 

39.8 

32.2 

34.0 

30.5 

As. A 

37.5 

33.4 

28.7 

A5.0 

37.1 

26.3 

22.5 

4A.5 

32.7 

28.6 

25.8 

28.8 

29.5 

31.9 

27.8 

29.4 

25.0 

29.6 

27.6 

28.5 

23.8 

32.3 

28.6 

2A.7 

25.1 

28.0 

26.2 

33.8 

33.3 

29.1 

29.8 

3A.0 

22.7 

32.9 

32.8 

A9.A 

36. A 

3A.7 

33.2 

AC.l 

38.1 

31. A 

27.5 

__.66 _ 

30 

.60 

30 

.51 

38 

.63 

33 

.A6 

51 

.57 

50 

.59 

56 

.65 

A8 

.74 

56 

.68 

58 

.75 

55 

.81 

54 

.67 

49 

.73 

51 

.74 

55 

.80 

54 

.61 

54 

.73 

53 

.  62 

50 

.  62 

A6 

.49 

51 

.71 

AS 

47 

31 

31 


Table  4.  Seasonal  Wind  Statistics  and  Six-Hour  Forecast  Errors 
o  standard  vector  deviation  of  the  wind. 

RP  root  mean  square  error  of  persistence  forecasts. 
RF  root  mean  square  error  of  subjective  forecasts, 

r  six  hour  persistence  correiation. 

N  number  of  cases. 


a.  SANTA  MQWICA 


Season 

Level 

(K  ft) 

0 

knots 

RP 

knots 

RF 

knots 

r 

N 

^  30 

36.5 

21.9 

19.3 

.82 

306 

40 

33.7 

17.1 

19.8 

.87 

290 

Spring 

30 

32.1- 

19.7 

18.3 

.81 

346 

40 

34.4 

17.4 

18.0 

.87 

338 

Suiuer 

30 

21.9 

11.5 

13.2 

.86 

337 

40 

28.3 

12.7 

13.0 

.90 

338 

Fall 

30 

29.4 

17.5 

16.9 

.89 

346 

40 

34.1 

17.9 

17.1 

.86 

338 

b.  INTEWIATIONAL 

(747) 

Winter 

30 

42.3 

25.6 

25.4 

.82 

211 

40 

30.4 

15.5 

18.6 

.87 

200 

Spring 

30 

49.1 

25.1 

27.0 

.87 

295 

40 

34.4 

17.2 

18.0 

.88 

286 

SuBBsr 

30 

37.4 

22.8 

21.5 

.82 

291 

40 

39.5 

23.2 

19.6 

.83 

289 

rail 

30 

50.5 

30.0 

23.9 

.82 

300 

40 

41.5 

22.7 

19.0 

.85 

274 

C.  flAOLT  STB  NAMK  C714) 

winter 

30 

45.6 

28.8 

24.9 

.80 

292 

40 

31.1 

17.2 

17.0 

.85 

271 

Spring 

30 

43.6 

27.2 

23.1 

.81 

312 

40 

31.0 

20.6 

17.1 

.78 

294 

Suaaer 

30 

35.9 

20.6 

18.4 

.83 

303 

40 

38.6 

22.1 

18.4 

.84 

285 

Fall 

50 

47.4 

29.3 

20.4 

.81 

291 

40 

40.2 

21.7 

18.8 

•  86 

268 

32 


Table  4.  Seasonal  Wind  Statistics  and  Six-Hour  Forecast  F,rroi-s  (continued) 


d.  QRRAT  PALia  (771) 


Saason 

I<avel 
(K  ft) 

a 

knots 

RP 

IcnotB 

RF 

knots 

r 

N 

Win tar 

30 

46.7 

28.7 

27.7 

.81 

286 

-  - 

Spring 

30 

50.1 

25.0 

28.1 

.88 

313 

40 

34.8 

18.2 

19.8 

.86 

302 

Suaniar 

30 

33.5 

22.8. 

23.0 

.77 

334 

1*0 

35.2 

19.3 

21.1 

.85 

325 

Fall 

30 

1*0 

4 

1.  TOPEKA 

Winter 

30 

45.4 

29.2 

25.8 

.79 

259 

1*0 

40.8 

22.8 

20.4 

.84 

218 

Spring 

30 

41.1 

27.2 

24.8 

.78 

297 

1*0 

35.3 

23.3 

20.6 

.78 

283 

Suanar 

30 

26.1 

18.3 

16.9 

.75 

263 

40 

32.9 

22.7 

23.0 

.76 

252 

Fall 

30 

45.0 

27.3 

24.8 

.82 

300 

40 

43.5 

27.5 

25.8 

.80 

282 

f. 

MOBTOu  gas; 

Winter 

30 

43.7 

30.2 

27.7 

.76 

196 

40 

41.9 

25.8 

28.3 

.81 

154 

Spring 

30 

46.4 

27.9 

22.2 

.82 

295 

40 

42.8 

21.1 

20.7 

.88 

265 

Suaatr 

30 

27.7 

14.8 

11.9 

.86 

310 

40 

54.7 

18.2 

17.0 

.86 

287 

Fall 

30 

40.6 

21.5 

18.7 

.86 

297 

40 

48.4 

22.1 

21.5 

.90 

281 

33 


Table  i.  Seasonal  Wind  Statistics  and  Six-Hour  Forecast  Frrors 
(continued) 


fi.  I-AGIIAHOIA  (503) 


Season 

Level 
(K  ft) 

a 

knots 

RP 

knots 

RF 

knots 

r 

H 

Winter 

.  30 

49.6 

32.4 

30.8 

.79 

253 

Spring 

40 

30 

>7.7 

49.0 

25.0 - 

30.3 

24.8  - 

27.9 

-*78 — 

.81 

208 

300 

40 

43.4 

23.2 

20.9 

.86 

275 

Summer 

30 

28.8 

19.8 

18.9 

.76 

323 

40 

38.3 

21.1 

19.5 

.85 

321 

Fall 

30 

44.7 

23.5 

21,7 

.86 

297 

40 

46.5 

24.5 

24.0 

.86 

282 

h. 

SMd 

Winter 

30 

48.0 

51.1 

28.1 

.79 

181 

40 

36.8 

22.7 

21,7 

.81 

160 

Spring 

30 

45.9 

28.1 

23.2 

.81 

298 

40 

37.6 

19.8 

19.1 

.86 

283 

Summo  r 

30 

38.4 

23.7 

21.9 

.81 

277 

40 

44.6 

22.3 

21.6 

.88 

262 

Full 

30 

47.5 

27.6 

24.4 

.83 

266 

40 

46.7 

24.2 

22.7 

.86 

243 

i. 

FSPPllBRELL  (807) 

Winter 

30 

47.7 

29.2 

26.6 

.81 

1«3 

40 

35.8 

19.0 

17.2 

.86 

182 

Spring 

30 

58.7 

32.5 

34.1 

.85 

316 

40 

40.8 

20.2 

22.3 

.88 

305 

iiunnic  r 

30 

44.9 

24.7 

24.5 

.85 

143 

40 

46.2 

23.9 

24.1 

.85 

338 

Fall 

30 

51.7 

31.0 

31.8 

.82 

356 

40 

47. 9 

28.6 

28.2 

.82 

334 

34 


Table  5.  Seasonal  Wind  Statistics  and  Twelve-Hour  Forecast  Errors 
a  standard  vector  deviation  of  the  wind. 

RP  root  mean  square  error  of  persistence  forecasts. 

RF  root  mean  square  error  of  subjective  forecasts, 

r  twelve-hour  persistence  correlation. 

N  number  of  cases. 


a.  EL  Visa  (270) 


Season 

Level 
(K  ft) 

0 

knots 

RP 

knots 

RF 

knots 

r 

N 

-  - 

Winter 

30 

- 

ko 

Spring 

30 

23.6 

20.7 

22.6 

.61 

83 

40 

29.9 

24.5 

24.1 

.66 

63 

Sumraar 

30 

21.3 

14.2 

14.5 

.78 

160 

40 

27.0 

19.4 

19.9 

.74 

156 

Fall 

30 

28.0 

22.9 

20.0 

.66 

127 

40 

28.0 

22.6 

21.4 

,68 

99 

b. 

HOMxaoHaax  [ui) 

Winter 

30 

36.4 

33.8 

35.8 

.57 

105 

40 

35.2 

31.0 

32.2 

.61 

97 

Spring 

30 

41.5 

25.7 

22,9 

.81 

142 

40 

49.8 

32.1 

27.6 

.79 

130 

Suouncr 

30 

23.0 

X6e6 

17.4 

.74 

1?8 

40 

31.0 

20.7 

20.9 

.78 

177 

Fall 

30 

51.4 

21.0 

20.1 

.78 

111 

40 

38.2 

24.2 

22.8 

,B0 

104 

f . 

SlHlKANI-: 

(7115) 

Winter 

30 

52.5 

37.8 

33.6 

.74 

116 

40 

37.5 

23.4 

25.1 

.80 

112 

Spring 

30 

51.0 

37.0 

34.1 

.74 

176 

40 

56  B  6 

23.1 

19.8 

.80 

174 

SuBB*  r 

30 

35.7 

28.0 

20.2 

.69 

178 

40 

54.6 

27.3 

24.0 

.69 

174 

Fall 

30 

55.9 

40.3 

33.8 

•  74 

iSo 

40 

48.1 

32.2 

26.5 

.78 

165 

35 


Table  5.  Seasonal  Wind  Statistics  and  Twelve-Hour  Forecast  Errors 
(continued) 


d.  FLINT  (537) 


Saason 

Level 
(K  ft) 

a 

knots 

RP 

knots 

RF 

knots 

r 

N 

Wintar 

_  .  30 

45.3 

42.8 

36.2 

.56 

132 

40 

■  31.7 

25.0 

23.6 

T69 

116” 

Spring 

30 

37.6 

36.9 

28.6 

.52 

155 

40 

29.0 

26.2 

20.6 

.59 

149 

SuniBar 

30 

33.3 

24.3 

18.6 

.72 

149 

40 

38.3 

27.4 

24.3 

.74 

145 

Fall 

30 

40 

e« 

OAKLAND  (493) 

Winter 

30 

43.6 

31.3 

28.6 

.74 

150 

40 

58.3 

27.5 

26.8 

.74 

142 

Spring 

30 

36.6 

31.1 

28.3 

.64 

180 

40 

34.9 

27.8 

27.8 

.68 

177 

SunuDer 

30 

27.7 

20.2 

19.4 

.74 

171 

40 

32.8 

23.9 

22.0 

.74 

172 

Fall 

30 

34.1 

26.3 

25.7 

.70 

160 

40 

56.2 

29.7 

26.3 

.66 

160 

f.  SEATTLE  (79^) 

Winter 

30 

56.7 

41.3 

39.7 

.73 

146 

40 

41.2 

26.5 

26.0 

.79 

145 

Spring 

50 

54.2 

42,9 

38.2 

.69 

180 

40 

37.1 

25.3 

23.4 

.77 

180 

Suaaar 

30 

36.4 

28.6 

26.0 

.69 

178 

40 

33.9 

26.2 

24.1 

.70 

176 

Fall 

30 

52.8 

40.3 

36.1 

.71 

174 

40 

48.0 

33.0 

32.9 

.76 

164 

36 


Table  5,  Seasonal  Wind  Statistics  and  Twelve-Hour  Foi-ceast  lOi-roi's 
(continued) 


g.  OKT.tnotU  CITY 


Season 

Level 

a 

HP 

RF 

r 

N 

(K  ft) 

knots 

luiots 

Itnote 

Winter 

30 

liO 

Spring 

o  o 

36.8 

56.8 

33.7 

30.3 

29.1 

25.6 

.60 

.66 

145 

139 

Suoner 

30 

a4.8 

22.3 

19.9 

.60 

167 

1(0 

31.0 

24.8 

24.2 

.68 

164 

Fall 

30 

38.2 

31.9 

27.6 

.65 

171 

1(0 

3S.7 

31.9 

30.4 

.66 

167 

fa. 

PORTLAMD  (606) 

Winter 

30 

48.0 

45.9 

35.5 

.54 

97 

40 

38.8 

32.2 

28.5 

.66 

92 

Spring 

30 

47.6 

40.0 

33.1 

.65 

163 

40 

58.1 

29.2 

25.6 

.71 

156 

Suaae  r 

30 

38.3 

27.6 

24.7 

.74 

159 

40 

46.7 

29.9 

27.5 

.79 

159 

F*ai 

30 

48.7 

39.7 

31.5 

.67 

155 

40 

47.8 

32.2 

31.8 

.77 

144 

37 


■4.  GENERALIZATION  OE  RESULTS 


4. 1  Application  of  Regression  Theory 

The  I’ORoltB  in  section  3  can  be  generalized  by  a  straightforward  apph 
cation  of  regression  theory.  I.et  us  assume  tliat  the  forecast  wind  vector, 
h’,  is  a  linear  function  of  the  observed  wind  at  the  beginning  of  the  fore¬ 
cast  period,  V. 

'  i-p 


Then: 


i'i  -  <Vi-p  -  V)  =  b 


n. 

1- 


whei  e  1)  is  a  constant  to  be  detcrniinc<i  Ijy  least  scpiares. 


Kroin  Kquation  (5) 


Ki  bi),.,,-l). 


1:.“  -  i).*^  t  ir  -  21)  I).  I).  (M>ft  (). 

I  I  i-i)  )  i-p  ) 

wliere  Oj,  is  tin’  angle  lictwcen  I>.  and  l)j_  ^ 


(13) 


N  N 


\' 

V  1  X.  2  •>  ■» 

i:.“  i  ^  {  \).  \  1.  iv:  -  21)  1)  I 

^  i  I 

>  roK  ( *  1 

t  1 

)  “p  r 

'»  2  2  ■’ 

0  ♦  b  a  -  2br  o 

(I 

iiy  Mentions  (1)  iUtd  tU). 

'I'lnis  Ml-'  n"  (1  -  llbi'  *  b") 

I  iificrenti  ating  with  rcspei  t  to  li  .ind  setting  the  lesnll  e(|u.il  to  ,-ei  "  w*-  tmd; 
1>  1 

lienee 


Ml  o'  It  -  r") 


(It) 
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Substituting  (10): 


MF  ^  ■  MP 
2  (1-r) 


(14) 


(14n) 


Equation  (14a)  explains  the  parallel  fluctuation  of  HI''  anil  HP  noted  in 

Fl+rli 

paragraph  3.  1.  2.  Although  the  coefficient.  M  g  *"  *  is  not  a  constant  it  is 

a  slowly  varying  function  of  r.  For  example,  tlie  fi-  and  12-hour  persistence 
correlations  in  Tables  4  and  S  are  seen  to  vary  between  about  .  fi  and  .  0  for 


which  '  *  ■  '■ 

-  2  . 


J. 

2 

varies  between  .(If)  and  .  97.  This  sugge.sts  that  a  linear 


regression  equation  linking  HK  and  UP  should  fit  the  error  data  quiti’  well. 
In  order  to  test  this  idea  a  linear  equation  of  similar  form  to  (14a)  was  fitted 
to  the  data  in  Tables  4  and  9  by  least  squares.  The  regression  coefficient 
in  this  equation  was  then  compared  with  the  eoeffieient  in  liquation  (14n)  foi'  a 
particular  case.  Standai'd  errors  were  also  eomputeil  foi-  the  two  equations. 


I  .ot  y  '  HP  and  x  UP,  and  ai-e  vai  ianees,  x  and  y  ai  e  tnean  values, 
p  is  ttie  coefficient  of  correlation  between  x  ami  y,  and  l>  is  a  constanl. 


In  general; 


.Vi  /lx. 


mrun  aqiiniT 

eri'or  of 

y  is; 

N 

M 

y  N 

N’ 

•-J 

1  1 

y,  -  (lx, 

2 

1 

N 

N 

N' 

1  1 

[  (y,  -  y) 

■  II  (Xj  -  x) 

•  -  II  xlj 

a'** 

V 

t  /)^  - 

X 

2  ih'  a  c  ‘ 

V  X 

(v  -  fix)’*' 

(ir>) 


(ii.i 
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Differentiating  with  respect  to  p  and  setting  the  result  equal  to  zero: 


P  -- 


+  X  y 

^  _2 
‘'x  + 


(17) 


Thus 


pa  a  +  it  y 

^  y  X _ ^ 

X 


(HI) 


Comparing  the  coefficients  in  Rqimtions  (Hn)  and  (17)  for  the  (5-hour  data 
at  30,  non  ft.  (Table  4)  where  the  average  persistence  correlation  is  seen  to 
be  about  0,  8,  we  find: 


1 

2 


.  !)5 


From  Table  4  the  following  values  were  ooiiiputeil: 


p  =  .80 

0^  =  5.01  kts 

gy  =  4.91  kts 

■Substituting  these  values  into  (17); 

p  =  .  02 

Thus  it  is  cvi(icnt  that  Mquations  (14a)  and  (10)  are  essentially  identical  in 
this  ease.  As  a  final  cheek  the  standard  oin  or  of  estimate,  Sll,  was  eoinputed 
for  lioth  equations,  using  Hquation  (10)  (i.  e.  =  M^)  with  the  appropi  i ate 
value  of  fl.  For  l•;q\lation  (14a)  SF  ■  2.  .5  kts;  for  liquation  (10)  SF  2.  4  kts. 


X  =  2.5.  33  kts 

y  ■  23.  3(5  kts 


The  forCATOlng  analysis  indicates  that  the  assuiu|ition  of  ii  linear  ridation 
lietween  th(.  forecast  wind  and  the  existing  wind  at  foree.ist  time  is  indml  viilid. 
I'urthcrmore  the  relationsliiii  is  a  strong  one,  ai  i-ounting  for  all  but  23"'..  of  the 
random  varialhaily  of  HI'  for  (5-hour  forei  asts  at  30,  (inu  feet.  However,  one 
additional  |x)int  sl\ould  be  taken  into  eonsider.ition,  namely  the  f.u  t  that  Ilk 
tends  to  he  greater  than  HI’  for  values  of  HP  less  than  .dKuit  20  kts.  In  an 
attt'n:pt  to  account  for  this  bt'havior  the  form  of  Frjuation  (1.5)  was  exp.'indr’d  to 
ineluiie  a  constant  term,  a: 


*1 


V  =  a  •  b  X 
■  1 


(10) 


40 


Again  applying  least  squares  the  constants  are  found  to  be 

a  -P 

X 

a 

b  =  p_y 

X 

where  the  symbols  arc  the  same  as  in  Equation  (18). 

Initially,  four  linear  regression  equations  of  tile  form  (19)  wci-c  developed 
from  the  data  in  Tables  4  and  5,  one  for  each  level  and  forecast  period. 

The  results  were  as  follows: 


Forecast  period,  hrs. 

6 

6 

lb 

12 

Level,  Kft 

,70 

40 

30 

40 

Number  of  coses 

78 

75 

2!) 

29 

a 

1.  58 

3.  45 

7.  88 

7.  88 

1) 

0.  88 

0.  81 

0.  7(! 

0.  79 

p 

0.  88 

0.  81 

0.  95 

0,  84 

standard  error,  kts 

2.4 

1.  8 

2,  2 

1.  9 

It  is  apparent  tlial  the  four  equations  arc  sufficiently  similar  to  wai’ranl  (•oml)in 
ing  all  the  data  into  a  single  equation.  The  l■e8\lltlng  I’clation  is: 

itK  =  :i.  ilii  I  1).  77:tni’  ('.in) 

for  wliicli  tile  number  of  cases  is  128,  /i  "  .  9,1  and  the  standaril  error  of  esti¬ 
mate  is  2.  0  kts.  Tliis  equation  accounts  for  all  but  1  I""  of  the  ramlom  vari.i- 
bility  of  Hi''  for  all  levels,  seasons  and  foiau  ast  periods.  Solving  (20)  we  find 

HI''  =  HI’  wlUMi  HI*”  17.2  whirh  .ifji  crH  very  w<*ll  will)  the’  . 


A. 2  INT.sisCftKc*  I  rnirv  for  a  I  hr  Vt-ar  Samplr 

\Vc  have  soeii  that  liquation  (20)  proviflrM  a  rrJinljh'  rHtiinaU'  nf  tin*  rr)(»t 
moan  sijuai'r  fnrrt'ast  orror,  UK,  oiu  r  Iht*  prrsiHtcru  f*  iTinr,  HP,  in  known, 
liquation  (11)  oxj^rrsHi  o  HP  as  a  funrtion  of  thr  Htarularrl  vn  tor  ilrvlatinn  of 

*  In  'I'.ihU’S  '1  aiifi  the  seasonal  valur  of  H  P  is  founfl  In  la-  loss  than  or  i-final 
If’  17,  2  Kts  in  0  rasofl.  For  7  of  Ihosf  rasc  K  HI’  HP. 
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the  wind,  a,  and  the  persistence  coefficient,  r.  In  a  recent  publication 
Charles  (1959,  1960)  has  tabulated  values  of  o  and  24-liour  persistence 
correlation  for  15  levels  from  950  to  10  mb  at  51  stations  on  a  monthly  and 
seasonal  basis  for  the  five-year  period,  1953-58.  From  these  data  it  is 
possible  to  compute  persistence  errors  for  a  large  number  of  stations. 

Accordingly,  seasonal  values  of  UP  were  computed  for  the  .300-  and 
200-mb  levels  (approximately  30K  and  40K  feet)  for  the  50  stations  listed 
in  Table  6.  As  before,  the  forecast  periods  considered  were  6  and  12  hours. 
The  appropriate  pci-sistencc  correlations  were  derived  from  the  2  l-hmir 
values  by  tlie  well  known  exponential  relation: 


where  I'j  is  the  persi.slen<-e  correlation  at  time  t,  and  k  is  a  constant. 

At  each  station  ami  level  this  e()untion  was  solved  for  k  by  substituting 
i  ^  |.  'I'hat  value  ()f  k  was  then  us('d  to  cah  ulate  rj.  .and  r  ll.aving  coiupiited 

HP  the-  coi'rcsponiling  It  was  then  (letermine<l  from  Ihiiiation  (20). 


4.t  ( inn  imII/iiI  SimmiiuiI  Stalblicsiin 

Sliorl  I'l  rickl  I  orrci'.l  lirrors 

Wc  ar<'  now  in  a  position  to  cx.iniinc  i|uanlilativcly,  two  himhiment.al 
<iucstinns  which  arise  in  connrctio.u  with  tlic  slioi't -period  wind  prcfliction 
proidem: 

(1)  As  a  forecast  tcchni()iic,  wh.'d  advantage  dcu'.H  short -)>rriod  pet'sis- 

ti  arc  offer  in  rompari.son  with  cli iiiatologv ''  la  other  worils,  by  what  amount 
IS  tbc  pri'sent  wind  a  better  eslimaliu  (li.in  the  iliinatic  inian  wind 

(2)  Wind  .id  v.ml  .ige,  if  any,  doe.s  a  snbu'ctivr  foja'cast  ha\'r  o^'er  pet  - 
si  St  cma' 

la  .msw  ej  irrr  tiiiesi  ion  did  is  convenient  to  mrasnre  the  i  ni;ii  ovc  nn  at 
of  per  SI  St  cm  e  over  i  liin.dolopv  liv  means  of  I  hr  percent  i  r  dm  ten  i  n  v.in  in.  i  , 
liy  P.  Ilv  ilefiml  ion; 

-—1 
(T*"  . 


H\  P 


lini 


Table  6.  Stations  for  which  Seasonal  Persistence  Mri-ors  were  Computed 
(Charles  1D59,  1960) 


Index 

No. 

station 

Index 

No. 

station 

200 

Nome,  Alaska 

445 

Columbia,  Mo. 

26  5 

Fairbanks,  Alaska 

531 

Bantoul 

273 

Anchorage,  Alaska 

429 

Dayton 

964 

Whitehorse,  Yukoh 

520 

Pittsburgh 

39H 

Annette,  Alaska 

405 

Washington,  1).  C. 

079 

lidinonton,  Alberta 

503 

Hempstead,  N.  Y. 

79.3 

.Seattle 

506 

Nantucket 

747 

Internationa)  k'nlls 

207 

I  .ong  Bench 

081 

Boise 

,365 

Albiuiuertjue 

775 

(ircat  h'alls 

259 

l''ort  Worth 

764 

Bismarck 

349 

I  .ittln  Bock 

055 

St.  Cloud 

327 

Naslivillc 

645 

(Ircen  Bay 

317 

(ireensboro 

734 

Suult  Stc. Marie 

308 

Norfolk  NAS 

537 

Mt,  ('Icmcns 

208 

Charleston,  S.  C. 

528 

Hiiffald 

274 

'Ihieson 

722 

Maniwaki,  Oucbcc 

265 

Big  Springs 

Uonu* 

240 

I  .like  Charles 

712 

C'ari\)ou 

232 

liiiri’Wixxl 

597 

Mo<lft)r(i 

22li 

Montgomery 

493 

( lakland 

.laeksonville 

466 

Fly 

Brownsvi  He 

46  9 

1  leaver 

202 

Miami 

451 

l)o{ige  City 

525 

San  .luan,  1‘.  It. 

rtr>n 

( ini.'ilia 

HMH 

Alln'ook,  {’.  /,. 

•13 


Question  (2)  may  be  answered  in  terms  of  an  index  called  the  forecast 
advantage,  FA,  which  is  expressed  as  follows: 

I,et  RVF  be  the  percent  reduction  in  variance  of  subjective  forecasts 
with  respect  to  climatology. 

Then 


FA  =  RVF  -  HVP 


=  100 


=  100 


(-7)  -  i'-f) 


MR  -  MF 


(23) 


Tluis  we  SCO  tluit  FA  measures  the  l•e8id^^al  imjirovement  wlii<’h  sulijeeti ve 
foi'ceasts  regislei'  over  persistenoe  after  the  advantage  of  jicrHiatenee  ovc'r 
elimatologv  lia.s  been  neoounte<l  for. 


'I'al)lc8  ^  and  ft  contain  ttU'  generalized  seasonal  statislics  on  short-period 
forecast  errors  at  300  and  200  mb  baaed  on  the  methods  developed  in  this 
papei'.  Quantitii'S  tabulated  ai-e; 


a 

(Charles,  lOSP) 

Hl> 

l''.c|nation  (11) 

HI- 

F.quation  (20) 

r 

(Charles.  UHiO) 

HVF 

M<|uatioii  (22) 

I- A 

Frination  (23). 

plus  l’',i|uation  (2  1 ) 
Whcni'ver  11 I  ’  llie  value 


of  !■  A  is  cut  end  as  zero. 
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INDRXTO  TABI-KS  7  AND  8 

Table  7.  Seasonal  Wind  Statistics  and  Derived  Six-Hour  Forecast  Krrors. 
Table  H.  Seasonal  Wind  Statistics  and  Derived  Twelve-Hour  Forecast  Hi-rors. 


Table  number 

7 

8 

7 

11 

Page 

I’agc 

SYMBOt,S 

45 

62 

45 

52 

Stations 

Albrook,  C.  Z. 

G1 

78 

Jacksonville 

GO 

77 

Albuquerque 

56 

73 

Lake  Charles 

59 

70 

Anchorage,  Alaska 

45 

02 

Little  Hock 

56 

73 

Annette,  Alaska 

46 

63 

Ixuifi  Boarh 

55 

72 

nig  SpriiiH 

5(1 

75 

Maniwaki,  t^iirlier 

50 

67 

nisniarrk 

4« 

05 

Mecifoi’il 

51 

68 

Boise 

47 

64 

Miami 

60 

77 

Bi  ownsville 

60 

77 

Montgomery 

5!) 

76 

BulTalo 

50 

07 

Mt.  Clemens 

40 

(t(i 

Hu  irwoed 

50 

76 

Nantiieket 

55 

72 

Caribou 

51 

00 

Nasliville 

57 

74 

Cliarleston,  S.  ('. 

5(1 

75 

Nome,  Alaska 

45 

62 

Celuinbia,  Mo. 

50 

70 

Norfolk  NAS 

57 

74 

Dayton 

54 

71 

I'akl.'inil 

51 

68 

1  ieiivor 

52 

r.o 

( )inaha 

53 

70 

1  )odf!R  City 

52 

(lit 

54 

71 

i:iy 

52 

r.!» 

li.intoiil 

53 

70 

lldnuMilon,  Albcjla 

46 

fi.'i 

Home,  N,  Y, 

50 

6  7 

I'iii rlianks, 

4  5 

San  .Iu;m,  I’,  H. 

(.1 

78 

l■'orl  W<'rlti 

56 

7.1 

Sic.  Marie 

40 

(li  rat 

10 

(>r> 

Seattle 

47 

(irri'n  Hay 

4  0 

St.  Cloud 

III 

fi.S 

<  1  rrrnsl^oro 

57 

71 

TticHnn 

r>H 

75 

IIiMiipstcatb  N’.  V. 

55 

72 

Washington,  1).  C. 

54 

7  1 

Iiitrrnatituuil  k'nlls 

4  0 

64 

Wliilehorse,  Yukon 

-u. 

ft.'l 

45 


Table  7.  Seasonal  Wind  Statistics  and  Derived  Six-Honr  Forecast  Errors 
a  standard  vector  deviation  of  the  wind. 

RP  root  mean  square  error  of  persistence  forecasts. 

HF  root  mean  square  error  of  subjective  forecasts, 
r  six-hour  persistence  correlation. 

RVP  pnreent  reduction  in  variance  of  persistence  forecasts 
with  respect  to  climatology. 

FA  forecast  advantage  over  pei’sistcncc. 


WOHK.  AI.ASKA  I  POO) 


Saaaon 

Lava 

fmbl 

1 

HP 

. ...  HF 

_ r 

HVP 

FA 

knots 

% 

t 

Winter 

300 

39.6 

21.0 

20.2 

.86 

72 

2.0 

200 

33.0 

14.5 

15.2 

.90 

81 

0 

Spring 

300 

37.11 

20.9 

20.1 

.84 

69 

2.3 

200 

27.4 

14.0 

14.8 

.87 

74 

0 

Summer 

300 

38.0 

20.5 

19.8 

.85 

71 

1.9 

200 

29.7 

14.3 

15.0 

.89 

77 

0 

Tall 

300 

39.4 

23.2 

21.9 

.83 

65 

3.8 

200 

30.6 

15.6 

16.0 

.87 

74 

0 

FAIRMNKS. 

ALA6IU  ( 

265) 

Winter 

300 

42.3 

22.8 

21.6 

.85 

73 

2.9 

200 

34.7 

15.5 

15.8 

.90 

83 

0 

Spring 

300 

35.1 

21.1 

20.3 

.82 

64 

2.7 

200 

26.4 

12.1 

13.3 

.90 

79 

0 

Summer 

.300 

35.1 

19.7 

19.2 

.84 

68 

3.5 

c 

c 

27.0 

1.3.0 

14.0 

.89 

77 

0 

Kail 

500 

3«.8 

23.5 

22  .0 

.82 

64 

3.9 

?,00 

30.4 

I'l.O 

15.3 

.89 

77 

0 

JLNCltQItAQ£ . 

..AUlfiliA  i 

iliX 

Winter 

.500 

46.0 

25.8 

23.9 

.84 

68 

4.4 

.:00 

36.9 

17.0 

17.1 

.90 

79 

0 

Si’rliig 

500 

39.0 

22.6 

21.4 

.24 

67 

3.5 

200 

29.1 

14.3 

15.0 

•  bfi 

76 

0 

Summer 

500 

38.6 

20.5 

19.8 

.It. 

72 

1.8 

31.0 

34.3 

15.0 

.  90 

79 

0 

I’.all 

500 

43.6 

26.2 

.  8..' 

f..4 

5.3 

200 

34.-! 

18.3 

}hal 

.8,6 

7. 

0.6 

46 


Table  7.  Seasonal  Wind  Statistics  and  Derived  Six-Hour  Forecast  Errors 
(continued) 


WHITEHQME.  TOXCN  (964) 


Season 

Level  ° 

(ab)  Icnots 

RP 

knots 

HF 

knots 

r 

RVP 

i 

FI 

% 

Winter 

300 

_43.8 

25.8 

23.9 

.83 

65 

4.8 

200 

35.“ 

17.2 

17.3 

.89 

77 

0 

Spring 

300 

41.9 

23.5 

22.1 

.84 

69 

3.6 

200 

31.0 

15.2 

15.7 

•  68 

76 

0 

Sunmer 

300 

34.7 

18.7 

18.4 

.85 

nn 

/ 

0.8 

200 

28.3 

13.9 

14.7 

.88 

76 

0 

Fall 

300 

40.4 

23.8 

22.4 

.83 

65 

4.1 

200 

35.7 

18.2 

18.0 

.87 

74 

0.6 

AKMEiaS.  , 

AIiMlU  (398) 

Winter 

300 

46.0 

28.1 

25.7 

.81 

62 

6.0 

200 

37.8 

20,4 

19.7 

.85 

70 

2.0 

Spring 

300 

46.9 

23.9 

22.4 

.87 

74 

3.2 

200 

55.  J 

18.0 

17.9 

.87 

74 

0.3 

Suanar 

300 

42.1 

22.3 

21.2 

.86 

72 

2.6 

200 

34.5 

16.6 

16.8 

.89 

77 

0 

Fall 

300 

44.6 

26.8 

24.7 

.82 

64 

3.4 

200 

40.4 

22.6 

21.4 

.84 

69 

3.2 

iLaEwra  (B7<}) 

Winter 

300 

39.4 

27.2 

25.0 

.76 

53 

7.3 

200 

31.0 

17.7 

17.6 

.84 

67 

0.4 

Spring 

300 

41.7 

25.4 

23.6 

.81 

62 

5.1 

200 

£9.7 

16.0 

16.3 

.85 

70 

0 

Suanar 

300 

36.7 

ZkrnU 

22.7 

.78 

56 

5.2 

200 

32.8 

17.7 

17.6 

.85 

70 

0.3 

Fall 

300 

41.9 

27.7 

25.4 

.78 

56 

7.0 

200 

37.6 

22.2 

21.1 

.85 

65 

3.4 

47 


Table  7.  Seasonal  Wind  Statistics  and  Derived  Six-Hovir  Forecast  Errors 
<continued) 


SEITTLE  (79^) 


Season 

Level 

(mb) 

a 

knote 

HP 

knots 

KF 

knots 

r 

RVP 

? 

FA 

Winter 

300 

5‘*.3 

34.8 

30.9 

.80 

59 

8.7 

_ _ 

200 

42.7 

— 25.2 

23.5 

•83 

65 

4.5 

Spring 

300 

53.9 

30.7 

27.7 

.84 

67 

6.0 

200 

40.0 

21.6 

20.7 

.85 

70 

2.4 

Sunmer 

300 

43.4 

25.6 

23.8 

.83 

65 

4.8 

200 

39.2 

19.2 

18.8 

.88 

76 

1.0 

rail 

300 

52.4 

30.9 

27.9 

.83 

65 

6.4 

200 

46.0 

25.8 

23.9 

.84 

68 

4.5 

TOTgPNlTTnMlT.  fST.TJ) 

J2J12I 

Winter 

300 

47.5 

30.9 

27.8 

.79 

57. 

7.8 

200 

38.4 

19.6 

19.1 

.87 

74 

1.3 

Spring 

300 

45.8 

29.3 

26.6 

.80 

60 

7.2 

200 

37.0 

22.2 

21.1 

.82 

64 

3.5 

Summer 

300 

39.6 

22.2 

21.1 

.84 

69 

2.9 

200 

41.9 

22.6 

21.4 

.85 

70 

3.0 

roll 

300 

51.0 

32.6 

29.2 

.80 

59 

8.1 

.'’00 

43.8 

26.7 

24.6 

.81 

62 

5.6 

BOISE  (681) 

Winter 

300 

45.6 

29.2 

.80 

59 

7.0 

200 

39.4 

22.5 

21.5 

.84 

67 

3.4 

Spring 

300 

46.0 

27.6 

25.3 

.82 

64 

7.6 

*■’00 

38.6 

20.8 

20.0 

.85 

70 

Summer 

300 

32.6 

19.6 

19.1 

.82 

64 

1.7 

200 

33.8 

17.9 

17.8 

•  86 

72 

0.3 

rail 

300 

•1^.0 

28.4 

25.9 

.80 

61 

6.7 

W^OO 

43.3 

24.2 

22.7 

.84 

68 

3.6 

48 


Table  7, 


Seasonal  Wind  Statistics  and  Derived  Six-Hour  Forecast  Krrors 
(continued) 


nni^AT  PAT.T.S  r77Sl 


Ssaaon 

Level 

(mb) 

a 

knota 

RP 

knots 

HF 

knots 

r 

BVP 

* 

FA 

Winter 

300 

>19.5 

34.6 

30.7 

.76 

51 

10.3 

200 

38.B 

23.7 

22.3 

•81 

82 

- 

Spring 

300 

46.2 

27.3 

25.1 

.83 

63 

3.4 

200 

36.7 

19.5 

19.0 

.86 

72 

1.4 

Sumner 

300 

3f>.7 

19.8 

19.3 

.85 

70 

1.5 

200 

37.6 

19.2 

18.8 

.87 

74 

1.1 

Fall 

300 

'*7.9 

29.2 

25.4 

.81 

62 

9.0 

200 

'*2.7 

23.9 

22.4 

.84 

69 

3.8 

BISMAHCK  (764) 

Winter 

360 

'*'*.0 

26.8 

24.7 

.81 

62 

5.6 

200 

35.3 

18.7 

18.4 

.86 

72 

0.9 

Spring 

300 

'*3.1 

24.6 

23.0 

.84 

67 

4.1 

200 

37.2 

19.0 

18.7 

.87 

74 

0.8 

Sumner 

300 

33.8 

19.3 

18.9 

.84 

67 

1.3 

200 

36.7 

18.7 

18.4 

.87 

74 

0.8 

Fall 

300 

'*'*.8 

27.3 

25.1 

.81 

62 

5.7 

200 

'♦1.3 

22.3 

21.2 

.85 

70 

2.8 

SI. 

■SiAlLP 

Winter 

300 

'*7.3 

26.9 

26.3 

.81 

62 

6.3 

200 

38.8 

19.0 

18.7 

.88 

76 

0.8 

Spring 

300 

'll*. 6 

26.8 

24.7 

.82 

64 

5.4 

200 

37.'* 

20.2 

19.6 

.85 

70 

1.7 

Summer 

300 

35.3 

18.7 

18.4 

•  66 

72 

0.8 

200 

37.8 

19.3 

18.9 

.fl7 

74 

1.1 

Fall 

300 

'*5.6 

27.8 

25.5 

.81 

62 

5.9 

200 

'*3.'* 

23.0 

21.7 

•  86 

72 

3.1 

40 


Table  7.  Seasonal  Wind  Statistics  and  Derived  Six-Hour  Forecast  Errors 
(continued) 


QHEEN  BAY  (61(5) 


Season 

Level 

(mb) 

a 

knots 

KP 

knots 

HF 

knots 

r 

RVP 

!( 

FA. 

% 

Winter 

300 

50.6 

30.4 

27.5 

.82 

64 

6.6 

- - - - 

200 — 

43.1 

22.0 

21.0 

.87 

74 

2.3 

Spring 

300 

45.2 

27.6 

25.3 

.81 

62 

6.0 

200 

4o.4 

22.6 

21.4 

.84 

69 

3.2 

Sumner 

300 

35.9 

19.4 

19.0 

.85 

70 

1.2 

200 

38.2 

20.6 

19.9 

.85 

70 

1.9 

Fall 

300 

46.4 

27.8 

25*4 

.82 

64 

5.9 

200 

43.4 

23.4 

22.0 

.83 

70 

3.4 

mix  sxt.HAMfi 

Winter 

300 

53.4 

32.6 

29.2 

.81 

62 

7.4 

200 

45.0 

25.2 

23.4 

.84 

69 

4.3 

Spring 

300 

47.9 

30.2 

27.5 

.80 

61 

7.3 

200 

41.1 

23.0 

21.7 

.84 

69 

3.4 

Sumner 

300 

39.2 

23.1 

21.8 

.83 

65 

3.7 

200 

42.9 

23.2 

21.9 

.85 

70 

3.2 

Fall 

300 

50.0 

31.5 

28.3 

.80 

Cl 

7.7 

200 

46.0 

26.2 

24.2 

.84 

67 

4.8 

HI.  cuaifiMfi 

(537) 

Winter 

300 

54.9 

35.7 

31.6 

.79 

57 

9.1 

200 

45.4 

24.5 

22.9 

.85 

70 

3.7 

Spring 

300 

48.1 

30.3 

27.4 

.80 

61 

V 

200 

44.0 

26.0 

24.1 

.83 

65 

4.9 

Sumner 

300 

35.9 

21.5 

20.6 

.82 

64 

2.9 

200 

41.7 

22.5 

21.4 

.85 

70 

2.8 

Fall 

300 

46.8 

30.0 

27.2 

.80 

59 

7.3 

200 

44.6 

26.5 

24.3 

.83 

65 

5.1 

50 


Table  7,  Seasonal  Wind  Statistics  and  Derived  Six-Hour  Forecast  Errors 
(continued) 


BUn-AlO  (528) 


Season 

Level 

(nb) 

a 

knots 

RP 

knots 

ttr 

knots 

r 

HVP 

f 

FA 

Winter 

300 

52.2 

33.9 

30.2 

.79 

57 

8.7 

200 

'♦4.6 

24.1 

22.6 

.85 

70 

3.5 

Spring 

300 

47.9 

30.7 

27.7 

.80 

59 

7.6 

200 

42.5 

24.2 

22.7 

•84 

67 

3.9 

Sunmer 

300 

35.9 

20.5 

19.8 

.84 

67 

2.7 

200 

4l.l 

21.8 

20.8 

.86 

72 

2.5 

fall 

300 

46*0 

27.6 

25.3 

.82 

64 

5.8 

200 

42.9 

24.5 

22.9 

.84 

67 

4.1 

WainWlKI.  QUEBEC  (722) 

Winter 

300 

50.6 

35.'* 

29.8 

.78 

56 

8.8 

200 

43.4 

23.4 

22.0 

.85 

70 

3.4 

Spring 

300 

48.7 

30.7 

27.7 

.80 

61 

7.4 

200 

41.9 

22.6 

21.4 

.85 

70 

3.0 

Suoaer 

300 

38.6 

22.8 

21.6 

.83 

65 

3.5 

200 

41.7 

22.5 

21.4 

.85 

70 

2.8 

rail 

300 

46*2 

29.1 

26.4 

.80 

61 

7.0 

200 

43.6 

25.7 

23.8 

.83 

65 

4.9 

BOHE 

winter 

300 

55.1 

35.8 

31.6 

.79 

58 

9.2 

200 

45.8 

26.1 

24.1 

.84 

67 

4.8 

Spring 

300 

49.7 

32.3 

28.9 

.79 

57 

8.4 

200 

46.6 

28.4 

25.9 

.81 

62 

6.3 

Suuer 

300 

40.0 

21.6 

20.7 

.85 

70 

2.4 

200 

45.6 

24.6 

23.0 

.85 

70 

5.7 

Fall 

300 

48.9 

29.3 

26.6 

.82 

64 

6.3 

200 

46.4 

26.4 

24.4 

.84 

67 

4.7 

51 


Table  7,  Seasonal  Wind  Statistics  and  Derived  Six-Hour  Forecast  Errors 
(continued) 


CABIBOn  (712) 


Season 

Level 

(mb) 

a 

knots 

Rt> 

knots 

SF 

knots 

r 

KVP 

% 

FA 

i 

Winter 

300 

36  •£ 

36.2 

31.9 

.60 

59 

9.0 

aoo 

47.3 

25.5 

23.7 

.85 

70 

4.0 

Spring 

51.6 

33.6 

^9.5 

.80 

59 

8*2 

aoo 

4a  .7 

24.3 

22.7 

.84 

67 

4.1 

Suaaer 

300 

4a. 1 

26.3 

24.4 

.80 

61 

5.8 

aoo 

43.1 

24.6 

23.0 

.84 

67 

4.1 

Fall 

300 

50.0 

33.0 

29.5 

.78 

56 

8.8 

aoo 

46.6 

29.4 

26.7 

,80 

61 

7.0 

HEcroaa  csa?: . 

Winter 

300 

31.0 

31.1 

28.0 

.81 

63 

7.0 

aoo 

42.9 

23.2 

21.9 

.85 

70 

3.2 

Spring 

300 

47.3 

27.9 

23.5 

.83 

65 

5.7 

aoo 

41.1 

25.0 

21.7 

.84 

69 

3.4 

Summer 

300 

37.8 

21.3 

20.6 

.84 

67 

2.6 

200 

37.2 

19.0 

18.6 

.87 

74 

1.1 

Fall 

300 

47.9 

26.8 

24.7 

.84 

69 

4.7 

aoo 

44.8 

22.8 

21.6 

.87 

74 

2.7 

Winter 

300 

51.2 

28.7 

a6.i 

.84 

69 

5.3 

aoo 

46.9 

23.9 

22.4 

.87 

74 

3.2 

Spring 

500 

46.9 

26.3 

24.3 

.84 

69 

4.6 

aoo 

41.1 

22.2 

21.1 

.85 

70 

2.8 

Summer 

500 

35.0 

17.5 

17.5 

.86 

72 

0 

aoo 

34.9 

17.1 

17.2 

.88 

76 

0 

Fall 

300 

46.0 

24.8 

23.1 

.85 

70 

3.8 

200 

44,0 

21.3 

.87 

74 

2.5 

52 


Tabic  7.  Seasonal  Wind  Statistics  and  Derived  Six-Hour  Forecast  Errors 
(continued) 


Season 

liSTel  ° 

(nb)  knots 

HP 

knots 

ST 

knota 

r 

RVP 

FA 

Winter 

300 

48.7 

29.2 

26.5 

.82 

64 

6.2 

, 

200 

22.8 

21.6 

•86 

72 

2*9 

Spring 

300 

45.8 

26.1 

24.1 

.84 

67 

4.7 

200 

40.7 

22.8 

21.6 

.84 

69 

3.2 

Sumner 

300 

29.5 

16.8 

17.0 

.84 

67 

0 

200 

31.6 

15.5 

15.9 

.88 

76 

0 

Fall 

300 

43.1 

25.4 

23.6 

.83 

65 

4.7 

200 

41.7 

22.5 

21.4 

.85 

70 

2.8 

DEWVEa  (469) 

Winter 

300 

51.2 

30.7 

27.7 

.82 

64 

6.6 

200 

46.4 

24.6 

23.0 

.86 

72 

3.5 

Spring 

300 

45.0 

28.8 

26.2 

.80 

60 

7.1 

200 

43.6 

23.5 

22.1 

.85 

70 

3.4 

Suaaer 

300 

28.5 

14.5 

15.2 

.87 

74 

0 

200 

32.8 

15.1 

15.6 

.80 

79 

0 

Fall 

300 

42.1 

25.7 

23.8 

.81 

62 

5.3 

200 

43.6 

23.5 

22.1 

.85 

70 

3.4 

DODQE  CITT  (451) 

Winter 

300 

50.4 

31.5 

28.3 

.80 

61 

7.'» 

200 

44.8 

22.8 

21.6 

.87 

74 

2.7 

Spring 

300 

43.3 

25.5 

23.7 

.83 

65 

4.7 

200 

41.9 

21.4 

20.5 

.87 

74 

2.1 

Sumner 

300 

26.0 

13.3 

14.2 

.87 

74 

0 

200 

30.3 

14.5 

15.2 

.89 

77 

0 

Fall 

300 

42.7 

23*9 

22.4 

.84 

69 

3.8 

200 

43.1 

?3.3 

22.0 

.85 

70 

3.2 

53 


Table  7,  Seasonal  Wind  Statistics  and  Derived  Six-Hour  Forecast  Krroi's 
(continued) 


OmflA 


Season 

Level  ® 

(nb>  knots 

HP 

knots 

HF 

knots 

r 

RVP 

* 

FA 

Winter 

300 

51.6 

33.0 

29.5 

.80 

59 

8.2 

---  ----  ---  -- 

.  200  , 

45.4 

24.1  ^ 

22.6 

.86 

72 

3.4 

Spring 

300 

27.1 

24.9 

.84 

67 

5.1 

200 

44.2 

22.5 

21 .4 

.87 

74 

2.5 

Summer 

300 

29.1 

15.7 

16.1 

.85 

70 

0 

200 

34.0 

18.0 

17.9 

.86 

72 

0.3 

Fall 

300 

46.4 

28.3 

25.8 

.81 

62 

6.3 

200 

43.6 

25.5 

22.1 

.85 

70 

3.4 

COLVMBUa. 

M1880VM; 

C445) 

Winter 

300 

55.1 

33.6 

29.9 

.81 

62 

7.6 

200 

50.2 

26.6 

21.5 

.86 

72 

9.7 

Spring 

300 

46.4 

26.4 

24.4 

.84 

67 

4.7 

200 

44.6 

25.6 

22.2 

.86 

72 

3.2 

Sumner 

300 

28.5 

15.1 

15.6 

.86 

72 

0 

200 

32.4 

17.5 

17.5 

.85 

70 

0 

Fall 

300 

43.6 

25.7 

23.8 

.83 

65 

5.0 

200 

43.1 

23.3 

22.0 

.85 

70 

3.2 

RSHTODL  (531) 

Winter 

300 

54.3 

33.1 

29.6 

.81 

62 

7.5 

200 

48.5 

25.6 

23.8 

.86 

72 

3.8 

Spring 

300 

46.9 

29.4 

26.8 

.80 

61 

6.9 

200 

45.0 

25.2 

25.5 

.84 

69 

4.1 

Summer 

300 

30.1 

17.2 

17.3 

.84 

67 

0 

200 

36.1 

20.6 

19.9 

.84 

67 

2.2 

Fall 

yoo 

44.6 

27.2 

25.0 

.81 

62 

5.8 

200 

43.6 

24.4 

22.8 

.84 

69 

7.6 

54 


Table  7.  Seasonal  Wind  Statistics  and  Derived  Six-Hour  Forecast  Ei  rors 
(continued) 


DAKIQM  (4gQ) 


Saaaon 

Level 

(mb) 

0 

knote 

»P 

knots 

KF 

knots 

r 

RVP 

t 

FA 

€ 

Winter 

300 

56.1 

35.3 

31.2 

.80 

60 

8.5 

200 

50.0 

28.0 

25.6 

.84 

69 

5.1 

Spring 

300 

WiO 

24.8 

23.1 

.85 

70 

3.^ 

200 

43.6 

25.7 

23.8 

.83 

65 

4.9 

Sumaar 

300 

31.8 

18.1 

18.0 

.84 

67 

0 

200 

36.7 

20.9 

20.1 

.84 

67 

2.4 

fall 

300 

43.1 

29.3 

26.6 

.77 

54 

8.1 

200 

42.7 

24.3 

22.7 

.84 

67 

4.1 

riTTaSOMH 

-(520) 

Winter 

300 

54.1 

35.7 

31.6 

.78 

9*^ 

200 

47.9 

28.7 

26.2 

.82 

64 

6.0 

Spring 

300 

48.3 

30.4 

27.5 

.80 

61 

?•£ 

200 

45.8 

26.1 

24.1 

.84 

67 

4.8 

Summer 

300 

34.0 

19.4 

19.0 

.84 

67 

200 

40.4 

21.8 

20.8 

.85 

70 

2.6 

Fall 

JOO 

46.8 

30.0 

27.2 

.80 

79 

7,3 

200 

43.8 

24.5 

22.9 

.84 

69 

4.0 

WASHINGTON 

Winter 

300 

53.2 

54.6 

30.7 

.79 

58 

8.9 

^00 

45.6 

26.9 

24.8 

.83 

65 

5.2 

Spring 

300 

46.0 

28.1 

25.7 

.81 

6 1? 

6.1 

200 

46.8 

26.7 

24.6 

.84 

67 

4.9 

SutTun«  r 

300 

34.9 

17.8 

17.7 

.87 

74 

^00 

40.4 

19.8 

19.3 

.88 

76 

1.2 

Fall 

300 

44.6 

26.3 

2^.3 

.85 

5*1 

200 

44,2 

23.4 

22.1 

.86 

72 

55 


Table  7.  Seasonal  Wand  Statistics  and  Derived  Six-Hour  Forecast  Errors 
(continued) 


HEMPSTEID 


Season 

Level 

(mb) 

a 

knots 

SP 

knots 

RF 

knots 

r 

SVP 

« 

FA 

)( 

Winter 

300 

56.8 

38.6 

33.8 

.77 

54 

10.7 

200 

46.4 

29.2 

26.5 

.80 

61 

7.0 

Spring 

300 

49a 

30i6 

27.2 

.81 

62 

6;.& 

200 

44.6 

26.8 

24.7 

.82 

64 

5.4 

Summer 

300 

38.0 

21.3 

20.4 

.84 

69 

2.4 

200 

42.9 

22.7 

21.5 

.86 

72 

2.9 

Fall 

300 

49.3 

30.1 

27.2 

.81 

62 

6.8 

200 

49.8 

26.9 

24.8 

.85 

70 

4.4 

NANTUCKET  (5051 

Winter 

300 

57.6 

37.4 

52.9 

.79 

57 

9.5 

200 

49.5 

29.7 

26.9 

.82 

64 

Spring 

300 

48.9 

29.8 

27.0 

.81 

62 

6.7 

200 

44.4 

24.9 

23.2 

.84 

69 

4.1 

SuBoer 

300 

39.8 

21.5 

20.6 

.85 

70 

2.4 

200 

43.4 

23.0 

21.7 

.86 

72 

3.1 

Fall 

300 

47.9 

28.7 

26.2 

.82 

64 

6.0 

200 

48.7 

26.3 

24.3 

.85 

70 

4.5 

LOHQ  BEACH  (pq?) 

Winter 

300 

47.3 

26.5 

24.4 

.84 

69 

4.6 

200 

46.9 

23.9 

22.4 

.87 

74 

3.2 

Spring 

300 

42.7 

25.2 

23.4 

.83 

65 

4.8 

200 

41.7 

22.1 

21.0 

.86 

72 

2.7 

Summer 

300 

26.0 

12.5 

13.6 

.89 

77 

0 

200 

30.1 

13.8 

14.6 

.90 

79 

0 

Fall 

300 

36.5 

20.8 

20.0 

.84 

67 

2.4 

200 

36.7 

19.5 

19.0 

.86 

72 

1.4 

56 


Table  7 


Seasonal  Wind  Statistics  and  Derived  Six-Hour  l-'orecast  Errors 
(continued) 


ALBUaOEianE  (565) 


Season 

Level 

(mb) 

a 

knota 

BP 

knots 

RE 

knots 

r 

HVP 

% 

FI 

% 

Winter 

300 

44.8 

26.9 

24.8 

.82 

64 

5.4 

^  apq 

-  42.7-- 

-  23.1 

21.8 

.85 

70 

3il 

Spring 

300 

40.7 

25.6 

23.8 

.80 

61 

5.4 

200 

39.0 

21.8 

20.8 

.84 

69 

2.8 

Sunuser 

300 

24.2 

11.6 

12.9 

.89 

77 

0 

200 

29.5 

13.6 

14.7 

.90 

79 

0 

roll 

300 

36.5 

20.4 

19.7 

.84 

69 

2.0 

200 

40.7 

20.8 

20.0 

.87 

74 

1.9 

TORT  WQgm  (259) 

Winter 

300 

45.0 

27.0 

24.8 

.81 

62 

5.5 

200 

43.6 

23.5 

22.1 

.85 

70 

3.3 

Spring 

300 

41.3 

22.3 

21.2 

.85 

70 

2.6 

200 

43.3 

23.4 

22.0 

.85 

70 

3.3 

Sumoer 

300 

23.3 

11.4 

12.8 

.88 

76 

0 

200 

29.3 

14.1 

14.9 

.89 

77 

0 

Fall 

300 

37.4 

20.2 

19.6 

.85 

70 

1.8 

200 

40.0 

19.6 

19.1 

.88 

76 

1.2 

LIITLE  mCE  (3'tOJ 


Winter 

>00 

45.6 

26.0 

24.1 

.84 

67 

200 

44.4 

24.0 

22.5 

.85 

70 

Spring 

>00 

41.1 

23.4 

22.1 

.84 

67 

^00 

43.6 

21.4 

20.5 

.88 

76 

SUDiier 

>00 

25.8 

12.6 

13.7 

.88 

76 

200 

30.4 

14.6 

15.2 

.89 

77 

Fall 

>00 

38.6 

19.7 

19.2 

.87 

74 

200 

40.0 

20.4 

19.7 

.87 

74 

't.6 

3.5 


0 

o 

1.3 

i.y 


rj 


57 


Table  7. 


Seasonal  Wind  Statistics  and  Derived  Six-Hour  Forecast  Krrors 
(continued) 


NASHVILLE  (^2?) 


Season 

Level 

(mb) 

a 

knots 

MP 

knote 

SF 

knots 

r 

RVP 

% 

FA 

% 

Winter 

300 

44.4 

27.1 

24.9 

.82 

64 

5.7 

200 

42.7 

14.3 

15.0 

.84 

67 

0 

Spring 

306 

^3.3 

■--22.x 

>85 

70 

3.3 

200 

44.6 

21.9 

20.9 

.88 

76 

2.2 

Summer 

300 

26.6 

14.4 

15.1 

.85 

70 

0 

200 

35.4 

16.5 

16.7 

.87 

74 

0 

Fall 

300 

39.2 

23.9 

22.4 

.82 

64 

4.4 

200 

40.2 

22.9 

21.7 

.84 

67 

3.4 

QREEMSBOHD 

iilZi 

Winter 

300 

45.4 

29.5 

26.8 

.79 

58 

7.4 

200 

41.7 

25.4 

25.6 

.81 

62 

5.1 

Spring 

500 

42.5 

24.2 

22.7 

.84 

67 

3.9 

200 

43.6 

23.1 

21.8 

.86 

62 

3.1 

Summer 

300 

28.5 

16.0 

16.3 

.84 

68 

0 

200 

33.8 

16.6 

16.8 

.88 

76 

0 

Fall 

500 

40.4 

23.0 

21.7 

.84 

67 

3.6 

200 

40.3 

19.8 

19.3 

.88 

76 

1.2 

NoagiuiA.i9.a;. 

Winter 

300 

50.  »l 

32.3 

28.9 

.80 

59 

6.0 

200 

h^m(i 

27.4 

25.1 

.82 

64 

5.8 

Sprint;  300  *i5»0 

^00  Mt,6 


SUBBer  300  32«** 

£00  38.6 

Fall  300  44.0 

£00  45.0 


58 


Table  7.  Seasonal  Wind  Statistics  and  Derived  Six-Hour  Korccast  Errors 
(continu  ed) 


nHAnr.y.BTON.  s.  C.  (208) 


Saaaon 

Level 

(mb)  knots 

RP 

knots 

BF 

knots 

r 

HVP 

i 

FA 

Winter 

300 

<(0.4 

25.5 

23.7 

.80 

61 

5.4 

200 

39.0 

23.8 

22.4 

.81 

62 

4.3 

Spring 

300 

41,3 

21.9 

20.9 

.86 

72 

2.5 

200 

44.2 

22.5 

21.4 

.87 

74 

2.5 

Summer 

300 

26*6 

14.4 

A5.1 

.85 

70 

0 

ZOO 

33.2 

16.9 

17.0 

.87 

74 

0 

Fall 

300 

40.0 

21.2 

20.4 

*86 

72 

2.1 

200 

42.1 

19.4 

19.0 

.90 

79 

0.9 

THC’SON  (274) 

Wintar 

300 

46.9 

21.6 

20.7 

.90 

79 

1.8 

200 

46.9 

19.2 

18.8 

.91 

83 

0.7 

Spring 

500 

41.9 

25.1 

23.4 

.82 

64 

4.7 

200 

41.3 

21.9 

20.9 

.86 

72 

2.5 

Summer 

300 

23.7 

14.2 

14.9 

.82 

64 

0 

200 

28.7 

15.2 

15.7 

.86 

72 

0 

Fall 

300 

35.3 

19.1 

18.7 

.85 

70 

1.2 

200 

38.6 

18.9 

18.6 

.88 

76 

0.8 

hk;  si’hinc  (2(ir.) 

Winter 

300 

42.9 

23.2 

21.9 

.85 

70 

3.1 

200 

41.3 

20.2 

19.6 

.88 

76 

1.4 

Spring 

300 

37.4 

19.8 

19.3 

•  86 

72 

1.4 

200 

39.2 

20.8 

20.0 

.86 

72 

2.1 

Summer 

300 

23.3 

13.7 

14.6 

.83 

65 

0 

200 

29.7 

16.6 

16.8 

.84 

69 

0 

Fall 

300 

34.5 

17.6 

17.6 

.87 

74 

0 

200 

38.4 

18.4 

18.2 

.89 

77 

0.5 

53 


Table  7.  Seasonal  Wind  Statistics  and  Derived  Six-Hour  Forecast  Errors 
(continued) 


T.iVE  r|WiW.BB 


Season 

Level 

(mb) 

a 

knota 

HP 

knots 

»F 

knots 

r 

BVP 

t 

FA 

% 

Winter 

300 

39.6 

20.2 

19.6 

.87 

74 

1.5 

200 

«i.4 

19.8 

19.3 

.88 

76 

1.2 

Spring 

300 

20^5 

19.7  " 

i85 

70 

200 

40.9 

19.6 

19.1 

.89 

77 

1.2 

Suoaer 

300 

23.5 

14.1 

14.9 

.82 

64 

0 

200 

30.8 

16.6 

16.8 

.85 

70 

0 

Fall 

300 

36.5 

17.5 

17.5 

.89 

77 

0 

200 

39.4 

18.9 

18.6 

.89 

77 

0.7 

sanarooD  (232) 

Winter 

300 

37.4 

20.2 

19.6 

.85 

70 

1.7 

200 

39.6 

19.0 

18.7 

.89 

77 

0.7 

Spring 

300 

55.3 

17.3 

17.3 

.88 

76 

0 

200 

39.2 

18.8 

18.5 

.89 

77 

0.7 

Summer 

300 

22.5 

12.2 

13.4 

.85 

70 

0 

200 

28.9 

16.2 

16.5 

.84 

69 

0 

Fall 

300 

34.9 

16.8 

17.0 

.89 

77 

0 

200 

38.8 

17.8 

17.7 

.90 

79 

0.2 

MOmoOMEHI  (226) 

Winter 

300 

44.4 

21.3 

20.4 

.89 

77 

1.7 

200 

44.6 

20.5 

19.8 

.90 

79 

1.4 

Spring 

300 

42.9 

25.3 

23.5 

.83 

65 

4.8 

200 

47.5 

23.3 

22.0 

.88 

76 

2.6 

Summer 

300 

24.6 

14.8 

15.4 

.82 

64 

0 

200 

32.4 

18.5 

18.3 

.84 

67 

0.7 

Fall 

300 

41.7 

20.4 

19.7 

.88 

76 

1.6 

200 

44.2 

21.2 

20.4 

.89 

77 

1.7 

60 


Table  7.  Seasonal  Wind  Statistics  and  Derived  Six-Hour  Forecast  Errors 
(continued) 


Ji.CKfiOKVILLE  (206) 


Season 

Level 

(rab) 

0 

knots 

HP 

knots 

KF 

knots 

r 

HVP 

FA 

Winter 

300 

1(0.0 

20.4 

19.7 

.87 

74 

1.6 

200 

41.9 

20.1 

19.5 

.89 

77 

1.4 

Spring 

300 

38.8 

17.8 

17.7 

.90 

1? 

0.2 

200 

45.2 

19.9 

19.3 

.90 

81 

1.2 

Sumner 

300 

22.1 

10.8 

12.3 

.88 

76 

0 

200 

29.3 

12.9 

13.9 

.90 

81 

0 

Fall 

300 

37.2 

17.1 

17.2 

.90 

79 

0 

200 

41.1 

18.1 

18.0 

.90 

81 

0.2 

.  BBDWHSVILLE 

(230) 

Winter 

500 

34.3 

18.2 

18.0 

.86 

72 

0.5 

200 

38.6 

18.9 

18.6 

.88 

76 

0.8 

Spring 

300 

29.5 

15.9 

16.2 

.85 

70 

0 

200 

33.6 

17.8 

17.7 

.86 

72 

0.3 

Summer 

300 

20.0 

10.2 

11.8 

.87 

74 

0 

200 

27.9 

14.2 

14.9 

.87 

74 

0 

Fall 

300 

31.0 

14.9 

15.5 

.89 

77 

0 

200 

35.5 

15.6 

16.0 

.90 

81 

0 

Winter 

300 

37.2 

18.2 

IB.O 

.88 

76 

0.5 

200 

37.0 

19.6 

19.1 

•  66 

72 

1.4 

Spring 

300 

33.0 

15.8 

16.2 

.89 

77 

0 

200 

58.2 

18.3 

18.1 

.89 

77 

0.5 

Sumner 

300 

19.2 

10.4 

12.0 

.85 

70 

0 

200 

28.7 

14.1 

14.9 

.88 

76 

0 

Fall 

300 

52.2 

14.2 

14.9 

.90 

81 

0 

200 

39.4 

IV.3 

17.3 

.90 

81 

0 

fil 


Table  7.  Seasonal  Wind  Statistics  and  Derived  Six-Hour  forecast  Errors 
(continued) 


SM  jiUU  Pt  It, 


Season 

Level 

(mb) 

0 

knots 

RP 

knota 

RF 

knotB 

r 

RVP 

% 

FA 

* 

■inter 

300 

27.7 

13.6 

14.5 

.88 

76 

0 

200 

29.9 

14.7 

15.3 

.88 

76 

0 

Spring 

300 

23.9 

11.5 

12.8 

.89 

77 

0 

200 

29.1 

14.3 

15.0 

.88 

76 

0 

Sumner 

300 

16.7 

9.5 

11.3 

.84 

67 

0 

200 

23.5 

12.0 

13.2 

.87 

74 

0 

Fall 

500 

22.1 

10.8 

12.3 

.88 

76 

0 

200 

30.1 

13.8 

14.6 

.90 

79 

0 

Aisacoju  g. 

&.  C80&) 

■inter 

300 

21.5 

10.3 

11.9 

.89 

77 

0 

200 

26.6 

13.0 

14.0 

.88 

76 

0 

Spring 

300 

18.0 

8.3 

io.4 

.90 

79 

0 

200 

23.1 

11.1 

12.5 

.89 

7? 

0 

Suaaer 

300 

11.2 

8.2 

10.3 

.75 

47 

0 

200 

18.2 

12.6 

13.7 

.76 

53 

0 

Fall 

300 

15.'* 

7.9 

10.1 

.83 

65 

0 

200 

19.8 

10.1 

11 .8 

.87 

74 

0 

62 


Table  8. 


Seasonal  Wind  Statistics  and  Derived  Twelve-Hour  Forecast 
Errors 

a  standard  vector  deviation  of  the  wind, 

RP  root  mean  square  error  of  persistence  forecasts. 

RF  root  mean  square  error  of  subjective  forecasts, 

r  six-hour  persistence  correlation. 

RVP  percent  reduction  in  variance  of  persistence  foi'ccasts 
with  respect  to  cUmatologj’. 

FA  forecast  advantage  over  persistence. 


worn. 


Season 

Level 

(«b) 

0 

knots 

RP 

knota 

HF 

knota 

r 

RVP 

i 

FA 

Winter 

300 

39.6 

28.5 

26.0 

.74 

48 

8.7 

200 

33.0 

19.8 

19.3 

.82 

64 

1.8 

Spring 

300 

y?.h 

28.0 

25.8 

.72 

44 

9.2 

200 

27.4 

18.9 

18.6 

.76 

53 

1.5 

Su  Dinar 

300 

38.0 

28.1 

25.7 

.73 

45 

8.9 

200 

29.7 

19.6 

19.1 

.78 

58 

2.2 

Fall 

300 

39.4 

51.1 

28.0 

.68 

73 

11.8 

200 

30.6 

21.4 

20.5 

.76 

51 

4.0 

mmm, 

.AJaASKA  (,265?. 

Winter 

300 

42.5 

30.9 

27.9 

.73 

47 

9.9 

200 

34.7 

21.2 

20.4 

.81 

62 

2.8 

Spring 

300 

35.1 

28.4 

25.9 

.67 

34 

11.0 

200 

26.4 

16.6 

16,8 

.80 

81 

0 

Bunuie  r 

300 

35.1 

26.3 

24.3 

.72 

44 

8.2 

200 

27.0 

17.6 

17.0 

.79 

57 

0 

Fall 

300 

38.8 

31.9 

28.2 

.67 

34 

12.7 

200 

30.4 

20.1 

19.5 

.78 

56 

2 .6 

AMCUfljaflB. 

ll-ASKA  (27  0 

Winter 

300 

46.0 

35.0 

31.0 

.71 

42 

12.5 

200 

36.9 

23.2 

21.9 

.80 

61 

4.5 

Spring 

300 

39.0 

50.0 

27.2 

.70 

41 

10.5 

200 

.■■9.1 

19.8 

19.3 

.77 

54 

2.3 

Summer 

300 

38.6 

28.2 

25.6 

.73 

47 

8.7 

200 

31.0 

19.5 

19.0 

.Ro 

61 

2.0 

FaJ] 

300 

43.6 

35.8 

31 .6 

.66 

33 

14.9 

200 

34.5 

24.8 

23.1 

.74 

48 

8.9 

63 


Table  8.  Seasonal  Wind  Statistics  and  Derived  Twelve-Hour  Forecast  Errors 
(continued) 


WaiTEHORSE.  lUKOM  (Q641 


&eaaon 

Lavftl 

(mb) 

a 

knots 

RP 

knots 

HF 

knots 

1* 

RVP 

Tk 

% 

Wlntar 

300 

43.8 

34.6 

30.7 

.68 

37 

13.2 

200 

25.9 

23.3 

22.0 

.79 

57 

4.6 

Spring 

300 

41.9 

31.4 

28.2 

.72 

-44- 

10.9 

200 

31.0 

20.5 

19.8 

.78 

56 

2.9 

Sufflmar 

300 

34.7 

26.0 

24.1 

.72 

44 

7.9 

200 

28.3 

19.2 

18.8 

.77 

54 

1.9 

Fall 

300 

40.4 

31.9 

28.6 

.69 

38 

12.2 

200 

35.7 

24.6 

23.0 

.76 

53 

6.0 

^mNEtTE.  AL 

AfiiU  (398) 

Wintar 

300 

46.0 

38.2 

33.5 

.66 

31 

15.8 

200 

37.8 

28.0 

25.6 

.73 

45 

9.0 

Spring 

300 

46.9 

33.3 

29.7 

.75 

50 

10,3 

200 

35.3 

24.4 

22.8 

.76 

53 

6.1 

Sumatr 

300 

42.1 

30.3 

27.4 

.74 

48 

9.4 

200 

34.5 

22.8 

21.6 

.78 

56 

4.5 

Fall 

300 

44.6 

36.6 

32.3 

.66 

33 

14,9 

200 

40.4 

30.3 

27.4 

.72 

44 

10.3 

EaiOmOH.  ALBEMA 

Sin  tar 

300 

39.4 

36.2 

31.9 

.58 

15 

19,9 

200 

31.0 

24.2 

22.7 

.70 

40 

7.3 

Spring 

300 

41.7 

35.0 

31.0 

.65 

50 

15.2 

200 

29.7 

21.7 

20.7 

.73 

47 

4.8 

Buniaar 

300 

36.7 

32.7 

29.2 

.61 

21 

16.1 

200 

52.8 

24.6 

23.0 

.72 

44 

7.1 

Fall 

300 

41.9 

36.9 

32.5 

.61 

23 

17.4 

200 

37.6 

29.7 

26.9 

.68 

>7 

11.2 

64 


Table  8.  Seasonal  Wind  Statistics  and  Derived  Twelve-Hour  Forecast  Rrrors 
(continued) 


flEAMLE  (7Q0 


Season 

Level 

(mb) 

a 

knots 

RF 

knots 

HF 

knots 

r 

RVP 

X 

FA 

% 

Winter 

300 

s'*. 3 

46.7 

40.1 

.63 

26 

19.4 

. 

200 

42.7 

33.7 

30.0 

.68 

37 

12.9 

Spring 

300 

53.9 

41.5 

36.0 

.70 

41 

14.7 

200 

40.0 

29.6 

26.8 

.73 

45 

9.9 

SuBoar 

300 

43.4 

34.3 

30.5 

.68 

37 

13.1 

200 

39.2 

27.0 

24.8 

.76 

47 

7.4 

Fall 

300 

52.4 

41.4 

36.0 

.68 

37 

15.2 

200 

46.0 

35.4 

31.3 

.70 

41 

12.9 

.TtUA 

JL?')?.). 

Winter 

300 

47.5 

41.3 

55.9 

.62 

25 

18.5 

200 

38.4 

26.9 

24.8 

.76 

51 

7.4 

Spring 

300 

45.8 

38.9 

54.1 

.64 

28 

16.7 

200 

37.0 

30.0 

27.2 

.67 

34 

n.7 

Sumner 

300 

39.6 

30.1 

27.2 

.71 

42 

10.6 

200 

41.9 

31.0 

27.9 

.73 

45 

10.4 

Fall 

300 

51.0 

43.9 

37.9 

.63 

26 

18.7 

200 

43.8 

36.8 

32.4 

.65 

30 

15.9 

Winter 

300 

45.6 

39.7 

34.7 

.62 

25 

17.9 

200 

39.4 

30.3 

27.4 

.70 

41 

10.8 

Spring 

300 

46.0 

37.7 

35.1 

.66 

33 

15.4 

200 

38.6 

28.2 

25.8 

.73 

47 

8.7 

Summer 

500 

32.6 

26.4 

24.4 

.67 

34 

9.6 

200 

33.8 

24.3 

22.7 

.74 

48 

6.6 

Fall 

300 

45.0 

37.8 

33.2 

•65 

30 

16.1 

200 

43.3 

32.9 

29.4 

.71 

42 

11.6 

65 


Table  8.  Seasonal  Wind  Statistics  and  Derived  Twelve-Hour  Forecast  Errors 
(continued) 


anEi.T  ru.Tjt 


Season 

Level 

a 

BP 

HF 

r 

BVP 

FA 

(mb) 

knots  knots 

knots 

!C 

% 

Winter 

300 

**9.5 

46.0 

39.5 

.57 

13 

22.7 

200 

_  J18  •  8 

. 32. a 

. 28.9-  . 

.66 

.  31 

13.4 

Spring 

300 

46.2 

37.0 

32.6 

.68 

35 

14.3 

200 

36.7 

26.1 

24.1 

.75 

50 

7.5 

Summer 

300 

36.7 

27.5 

25.2 

.72 

44 

9.0 

200 

37.6 

26.3 

24.3 

.76 

51 

7.2 

Fall 

300 

47.9 

40.2 

35.0 

30 

17.0 

200 

42.7 

32.5 

29.1 

.71 

42 

11.5 

BISMABCa  ( 

■  764) 

Winter 

300 

44.0 

37.0 

32.6 

•  65 

30 

15.8 

i’OO 

33.3 

25.4 

23.6 

.74 

48 

7.1 

Spring 

300 

43.1 

33.6 

29.9 

.70 

40 

12.6 

200 

37.2 

26.0 

24.1 

.76 

51 

6.9 

Summer 

300 

33.8 

26.7 

24.6 

.69 

38 

9.4 

200 

36.7 

25.7 

23.8 

•  76 

51 

7.0 

Fall 

300 

44.8 

37.6 

33.0 

.65 

30 

1  6.2 

200 

41.3 

31.0 

27.9 

.72 

44 

10.7 

ST. 

CMtfP 

(63'3) 

Winter 

500 

47.3 

39.3 

34.3 

.66 

31 

16.4 

200 

38.8 

26 

24.4 

.77 

54 

6.7 

Spring 

300 

44.6 

36.1 

51.1 

.67 

34 

IV. 5 

37.4 

27.7 

25.4 

•  73 

45 

8.7 

SuBJier 

300 

33.3 

25.4 

23.6 

.74 

48 

7.1 

^00 

37.8 

26.8 

24.  V 

.75 

50 

8.3 

Fall 

500 

45.6 

57.8 

33.2 

•  66 

31 

15.7 

200 

43.4 

31.7 

28.5 

.75 

47 

10.2 

66 


Table  8. 


c 


Seasonal  Wind  Statistics  and  Derived  Twelve-Hour  Forecast  Errors 
(continued) 


QHEEM  BAY  (646) 


Saaaon 

Level 

(ab) 

0 

knota 

RP 

luiots 

RT 

knots 

r 

HVP 

rx 

Winter 

300 

50.6 

41.0 

35.6 

.67 

34 

16.2 

200 

43.1 

30.6 

27.6 

.75 

50 

9.4 

Spring _ 

300 

45.2 

37.5 

33.0^ 

.66 

31 

15.5 

200 

40.4 

30.7 

27.7 

.71 

42 

“10.7 

Suaner 

300 

35.9 

26.6 

24.5 

.75 

45 

8.3 

200 

38.2 

28.6 

26.1 

.72 

44 

9.4 

rail 

300 

46.4 

37.6 

33.0 

.67 

34 

15.1 

200 

43.4 

32.5 

29.1 

.72 

44 

11.1 

SAULT  ST.  MXHIE  (7^4) 

Winter 

300 

53.4 

43.8 

37.8 

.66 

33 

17.2 

200 

45.0 

34.6 

30.7 

.70 

41 

12.6 

Spring 

300 

47.9 

40.2 

35.0 

.64 

29 

17.0 

200 

4l.l 

31.2 

28.1 

.71 

42 

10.9 

Sunacr 

300 

39.2 

31.4 

28.2 

.68 

35 

12.4 

200 

42.9 

31.3 

28.2 

.73 

47 

10.0 

rail 

500 

50.0 

42.0 

36.4 

.64 

29 

17.6 

200 

46.0 

35.9 

31.7 

.70 

40 

13.4 

tix. 

(537) 

Winter 

500 

54.9 

47.8 

40.9 

.62 

25 

20.3 

200 

45.4 

33.6 

29.9 

.73 

45 

11.4 

Spring 

300 

48.1 

40.4 

35.2 

.64 

29 

17.0 

200 

44.0 

34.8 

30.9 

.68 

37 

13.2 

Suuer 

500 

35.9 

29.4 

26.7 

.66 

33 

11.8 

200 

41.7 

30.9 

27.9 

.73 

45 

10.1 

rail 

300 

46.8 

40.7 

35.4 

.62 

25 

18.4 

200 

44.6 

35.7 

31.6 

.68 

35 

13.9 

67 


Table  B,  Seasonal  Wind  Statistics  and  Derived  Twelve-Hour  Forecast  Errors 
(continued) 


BUFTALO 


Saaaon 

Laval 

(mb) 

a 

knots 

RP 

knots 

HF 

knots 

r 

RVF 

< 

FA 

% 

WlntaV 

300 

200 

52.2 

44.6 

45.9 

39.4 

.61 

23 

20.3 

•  72 

44- 

11.4 

Spring 

300 

47.9 

41.7 

36.2 

.62 

25 

18.7 

200 

42.5 

33.1 

29.6 

.70 

39 

12. i 

Summar 

300 

35.9 

27.6 

25.3 

.70 

4l 

9*4 

200 

41.1 

29.6 

26.8 

.74 

48 

9.3 

Fall 

300 

46«0 

37.7 

33.1 

.66 

33 

15.4 

200 

42.9 

33*0 

29.5 

.70 

41 

11.9 

HAWIWAKI.  faUEB^e  ivpp) 

Winter 

300 

50.6 

45.0 

58.7 

.61 

21 

20.6 

200 

43.4 

32.6 

29.2 

.72 

44 

11.2 

Spring 

300 

48.7 

41.4 

36.0 

.64 

28 

200 

41.9 

31.0 

27.9 

.73 

45 

10.4 

Sumner 

300 

38.6 

30.5 

27.5 

.68 

37 

11*7 

200 

41.7 

31.3 

25.2 

.72 

44 

19.8 

Fall 

300 

46.2 

>9.3 

34.3 

.64 

28 

I  y.p 

200 

43.6 

34.4 

30.6 

.68 

37 

13.0 

HOME 

Winter 

300 

55.1 

48.5 

41.4 

.61 

U* 

1  .n 

200 

45.8 

35.3 

31.2 

.70 

41 

13.0 

Spring.; 

3OQ 

49.7 

43.7 

37.7 

.61 

1  ‘4.  ft 

200 

46.6 

38.7 

33.9 

•  (16 

31 

16.0 

Sumn)«»r 

500 

4  0.0 

29.2 

26.5 

.73 

47 

9.4 

200 

45.6 

33.7 

30.0 

..3 

45 

11.3 

Fall 

3CO 

48.9 

59.1 

34.. 

.(.r 

31/ 

200 

46.4 

56.7 

32.3 

.69 

38 

14.1 

68 


Table  8,  Seasonal  Wind  Statistics  and  Derived  Twelve-Hour  Forecast  Errors 
^(continued) 


CIBIBQU  (712) 


Season 

Level 

(mb) 

a 

knota 

knots 

KF 

knots 

r 

RVP 

t 

FA 

_ %_ 

Winter 

300 

56 

48.7 

41.6  ■ 

.63 

26- 

20.0 

200 

47.3 

35.5 

31.4 

.72 

44 

12.3 

Spring 

300 

51.6 

43.9 

37.9 

.64 

28 

18.4 

200 

42.7 

33.3 

29.7 

.70 

40 

12.4 

Sumner 

300 

42.1 

35.4 

31.3 

.64 

29 

15.4 

200 

43.1 

33.6 

29.9 

.70 

40 

12.6 

Fall 

300 

50.0 

44.5 

38.4 

.61 

21 

20.2 

200 

46.6 

39.1 

34.2 

.64 

29 

16.5 

Hacrom  ts??} 

Winter 

300 

51.0 

42.3 

36.7 

.66 

31 

17.0 

200 

42.9 

31.7 

28. 5 

.73 

45 

10.5 

Spring 

300 

47.3 

37.4 

32.9 

.68 

37 

14.1 

200 

41.1 

31.6 

28.4 

.71 

41 

11.4 

Sunmer 

300 

37.8 

29.9 

27.1 

.69 

38 

11.2 

200 

37.2 

26.4 

24.4 

.75 

50 

7.3 

Fall 

300 

47.9 

35.9 

31.7 

.72 

44 

12.4 

200 

44.8 

31.8 

28.5 

.75 

50 

9.9 

QiSiMH  L'laal 

Winter 

300 

51.2 

38.9 

34.0 

.71 

42 

13.6 

200 

46.9 

32.4 

29.0 

.76 

53 

9.5 

Spring 

300 

46.9 

35.6 

31.5 

.71 

42 

12.5 

200 

41.1 

30.0 

27.2 

.73 

47 

9.5 

Summer 

300 

33.0 

23.8 

22.4 

.74 

48 

5.9 

200 

34.9 

23.0 

21.7 

.78 

56 

4.8 

Fell 

300 

46.0 

34.5 

30.6 

.72 

44 

12.0 

200 

44.0 

30.6 

27.8 

.76 

51 

9.1 

G9 


Table  8.  Seasonal  Wind  Statistics  and  Derived  Twelve-Hour  Forecast  Errors 
(continued) 


ELT  (486) 


Season 

Level 

(mb) 

a 

knots 

HP 

knots 

»F 

knots 

r 

HVP 

< 

FA 

i 

Vinter 

300 

48.7 

39.9 

34.8 

.66 

33 

16.1 

200 

43.1 

31.0 

27.9 

.74 

48 

9.8 

Spring 

300 

45.8 

35.7 

31.6 

.70 

40 

13.2 

^200 

40,7 

30.9 

27.8 

,71 

42 

11.0 

Sumner 

300 

29.5 

22.7 

21.5 

.70 

41 

6.1 

200 

31.6 

21.5 

20.6 

.77 

54 

3.8 

Fall 

300 

43.1 

34.0 

30.2 

.68 

37 

13.1 

200 

41.7 

30.9 

27.8 

.73 

45 

10,5 

INVKIl  (409) 

Winter 

300 

51.2 

42.0 

36.4 

.66 

29 

16.7 

200 

46.4 

33.4 

29.8 

.74 

48 

10.6 

Spring 

300 

45.0 

39.2 

34.3 

.62 

25 

17.8 

200 

43.6 

31.8 

28.5 

.73 

47 

10.5 

Summer 

300 

28.5 

20.0 

19.4 

.76 

51 

2.9 

200 

32,8 

21.0 

20.2 

.80 

59 

3.1 

Fall 

300 

42.1 

34.9 

30.9 

.66 

31 

14.8 

200 

43.6 

31.8 

28.5 

.73 

47 

10.5 

dodqf:  CITF 

(491) 

Winter 

300 

50.4 

42.0 

36.4 

.64 

29 

17.6 

200 

44.8 

31.8 

28.5 

.75 

50 

9.9 

Spring 

300 

43.? 

34.2 

30.4 

.68 

37 

13.1 

200 

41.9 

29.7 

26.9 

.75 

50 

9.0 

Summer 

300 

26.0 

18.2 

18.0 

.76 

51 

1.1 

200 

30.3 

20.0 

19.4 

.78 

56 

2.6 

Fall 

300 

42.7 

32.5 

29.1 

.71 

42 

11.5 

200 

43.1 

31.9 

28.6 

.73 

45 

10.7 

70 


Table  8.  Seasonal  Wind  Statistics  and  Derived  Twelve-Hour  Forecast  Krrors 
(continued) 


omat  Ci'ii) 


Saaaon 

Laval 

(mb) 

a 

knots 

HP 

knots 

RF 

knots 

r 

BVP 

f 

rjL 

f 

Wintar 

300 

31.6 

43.9 

37.9 

.64 

28 

18.4 

aoo 

45.4 

32.7 

29.2 

.74 

48 

10.5 

dprlng _ 

300  .. 

-  47.5 

57.5 . 

33.0 

.69 

38 

14.1 

200 

44.2 

30.9  ' 

27.8 

■;76 

51 

9.3 

Sumo a r 

300 

29.1 

21.5 

20.6 

.73 

45 

4.5 

200 

34.0 

24.5 

22.9 

.74 

48 

6.6 

rail 

300 

46.4 

38.0 

33.3 

.66 

33 

15.6 

200 

49.5 

32.9 

29.4 

.73 

45 

11,0 

Hlntar 

300 

55.1 

45.2 

38.9 

.66 

33 

17.4 

200 

50.2 

38.1 

31.9 

.74 

46 

11.3 

Spring 

500 

46.4 

56.7 

32.3 

.69 

38 

14.1 

200 

44.6 

32.1 

28.8 

.74 

48 

10.1 

Suanar 

>00 

28.5 

20,5 

19.8 

.74 

48 

3.5 

200 

32.4 

24.3 

22.7 

.72 

44 

7.2 

rail 

300 

43.6 

34.4 

30.6 

.66 

37 

13.0 

200 

43.1 

31.5 

28.3 

.73 

47 

10.3 

aAHion.  tasil 

Nlntar 

300 

54.3 

45.6 

39.2 

.65 

30 

lB.4 

200 

48.3 

34.8 

30.9 

.74 

48 

11.0 

Spring 

>00 

46.9 

39.4 

34.4 

.65 

70 

16 .8 

200 

45.0 

>4.2 

30.4 

.71 

42 

12.0 

Suanar 

300 

30.1 

23.8 

22.4 

.69 

38 

7.1 

200 

36.1 

27.8 

25.4 

.70 

41 

9.8 

rail 

300 

44.6 

36.6 

32.2 

.66 

33 

15.2 

200 

43.6 

33.6 

29.9 

.70 

41 

12.4 

Table  B.  Seasonal  Wind  Statistics  and  Derived  Twelve-Hour  Forecast  Errors 
(continued) 


DAIIOM  (429) 


Season 

Level 

(mb) 

a 

knots 

HP 

knots 

RF 

knots 

r 

RVP 

% 

FA 

% 

winter 

300 

56.1 

47.1 

40.4 

.64 

29 

18.6 

200 

50.0 

38.0 

33.3 

.71 

42 

13.4 

apring 

300^  “ 

46.0 

33.6 

30.0 

»7y^ 

4? 

10.8 

200 

43.6 

34.4 

30.6 

.68 

37 

13.0 

Summer 

300 

31.8 

24.8 

23.1 

.70 

40 

8.1 

200 

36.7 

28.3 

25.8 

.70 

41 

10.0 

Tell 

300 

43.1 

38.8 

34.0 

.60 

19 

18.8 

200 

42.7 

33.7 

30.0 

.69 

38 

12.9 

ftiawma 

Winter 

300 

54.1 

4B.1 

41.1 

.60 

20 

21.3 

200 

47.9 

38.5 

33.6 

.68 

35 

14.7 

Spring 

300 

48.3 

40.6 

35.3 

.64 

29 

17.2 

200 

45.8 

36.2 

31.9 

.69 

38 

14.0 

Summer 

300 

34.0 

26.9 

24.7 

.69 

38 

9.8 

200 

40.4 

59.9 

27.1 

•  73 

45 

9.8 

Fall 

300 

46.8 

39.8 

34.7 

.64 

28 

17.3 

200 

43.8 

33.3 

29.7 

.71 

42 

11.8 

WAaHIHQTQM 

(40";) 

Winter 

300 

33. ^ 

46.3 

39.8 

.62 

24 

19.8 

200 

45.6 

56.5 

32.2 

.68 

35 

14.2 

Spring 

300 

40.0 

38.6 

33.8 

.63 

40 

16.4 

200 

46.8 

37.0 

32.6 

.69 

38 

14.0 

Sumner 

300 

34.9 

24.4 

22.8 

.76 

51 

6.2 

200 

40.4 

27.9 

23.9 

.76 

53 

7.9 

Fan 

300 

44.6 

33.2 

31.2 

.68 

37 

14.4 

200 

44.2 

33.6 

29.9 

.74 

1.8 

12.0 

72 


Table  8.  Seasonal  Wind  Statistics  and  Derived  Twelve-Hour  Forecast  Errors 
(continued) 


HEMPSTEAD  (503) 


Season 

Level 

(mb) 

C 

knots 

HP 

knots 

RF 

knots 

r 

RVP 

t 

FA 

* 

winter 

300 

56.8 

51.1 

43.5 

.60 

19 

22.3 

^^200 

46.4 

39.0; 

-  34.1 

.64 

29 

16.6 

Sprln;; 

300 

49.1 

41.2 

35.8 

.65 

30 

17.2 

200 

44.6 

3]  .6 

*68 

35 

13.9 

Sununor 

300 

38.0 

28.9 

26.3 

.71 

42 

9.9 

000 

42.9 

30.9 

27.9 

.74 

48 

9.6 

Fall 

300 

49.3 

41.4 

36.0 

.65 

30 

17.2 

000 

49.8 

37.3 

32.8 

.72 

44 

12.7 

WAMTUUKET  (306) 

Winter 

300 

57.6 

50.1 

42.7 

.62 

24 

20.7 

200 

49.5 

39.6 

34.6 

•  68 

35 

15.1 

Spring 

300 

48.9 

40.6 

35.3 

.66 

31 

16.8 

200 

44.4 

34.2 

30.4 

.70 

4l 

12.5 

Sumner 

300 

39.8 

29.5 

26.8 

.73 

45 

y.6 

200 

43.4 

31.2 

28.1 

.75 

50 

9.8 

Fall 

300 

47.9 

38.8 

34.0 

.67 

34 

15.2 

200 

48.7 

35.6 

31.5 

.73 

47 

11.6 

LOHQ  aEACli 

(29?) 

winter 

300 

47.3 

35.9 

31.7 

.71 

42 

12.7 

200 

46.9 

32.4 

29.0 

.76 

53 

9.5 

Spring 

300 

42.7 

33.7 

30.0 

.68 

37 

12.9 

200 

41.7 

30.0 

27.2 

.74 

48 

9.2 

Sumnvr 

300 

26.0 

16.9 

17.0 

.79 

5? 

0 

200 

30.1 

18.4 

18.2 

.81 

62 

0.8 

Fedl 

300 

36.5 

26.8 

26.2 

.69 

38 

10.7 

200 

36.7 

26.1 

24.1 

.75 

50 

7.5 

yO  Tj 


73 


Table  8.  Seasonal  Wind  Statistics  and  Derived  Twelve-Hour  Forecast  Errors 
(continued) 


ALBU^UElfcUE  (^61) 


Season 

Level 

(mb) 

a 

knots 

HP 

knots 

RF 

knots 

r 

RVP 

FA 

x 

Winter 

300 

44.8 

36.3 

32.0 

.67 

34 

14.6 

aoo 

42.? 

31.6 

28.4 

•73 

40 

10.6 

Spring 

300 

40.7 

33.8 

50.0 

.60 

30 

14.3 

200 

39.0 

29.2 

26.0 

.72 

44 

9.8 

Sutrunor 

300 

24.2 

10.7 

16,1 

.79 

57 

0.0 

200 

Z9.‘j 

18.6 

18.3 

.80 

61 

1.3 

m: 

100 

36.5 

27.7 

20.4 

.72 

44 

9.3 

200 

40.7 

28.5 

26.0 

.76 

01 

8.3 

reKT  WOCTII 

(209) 

Winter 

300 

4.0.0 

36.9 

32.0 

.66 

33 

10.1 

200 

43. f. 

31.8 

28.0 

.73 

47 

10.3 

Spring 

300 

41.5 

31.0 

27.9 

.72 

44 

10.6 

200 

43.3 

31.6 

28.4 

.73 

47 

10.3 

SuDOar 

jOO 

^3.3 

10.8 

16.2 

.77 

04 

0.0 

200 

29. i 

19.0 

]«.6 

.79 

57 

1.0 

Fall 

300 

37.4 

27.3 

20 . 1 

.73 

47 

8.4 

200 

40.0 

27.2 

20.0 

.77 

04 

7.2 

LITTLE  HOCK  C  i'lO) 

Winter 

500 

40. (. 

36.0 

31 .6 

.49 

38 

13.7 

.-'00 

4  4 . 4 

33.3 

29.7 

.72 

44 

11.0 

Sprltii; 

f.00 

41.1 

51.  (. 

,■8.4 

•  yo 

4l 

11.4 

J('0 

4  5.(. 

29.6 

2(..8 

.77 

04 

8.2 

SuDUi'inr 

20. C 

17.t 

17.7 

.74 

03 

0.4 

^00 

30.4 

21.0 

19.'. 

.74 

!2, 

,; .  4 

Fall 

500 

if  .1. 

2V.0 

,"4.1 

.74 

01 

7.0 

40.0 

28.0 

2:,. 4 

.74 

M 

8.0 

74 


Table  8.  Seasonal  Wind  Statistics  and  Derived  Twelve-Hour  Forecast  Errors 
(continued) 


Season 

Level 

(mb) 

0 

knots 

RP 

knots 

RF 

knots 

r 

RVP 

« 

FA 

winter 

300 

kk.k 

36.0 

31.8 

.67 

34 

14.4 

-—11-—- - 

_ 200 

___42.? 

33.3 

29.7 

.70 

40 

12.4 

Spring 

300 

'♦3.3 

32.0 

28.7 

.73 

^5 

10  .y 

200 

44.6 

30.3 

27.4 

.77 

54 

8.4 

Suismar 

300 

26.6 

20.0 

19.4 

.72 

44 

3.3 

200 

32.4 

22.7 

21.5 

.76 

51 

5.1 

Fall 

300 

39.2 

31.8 

28.5 

.67 

34 

12.9 

200 

40.2 

31.4 

28.2 

.70 

40 

11.8 

ENSHOUO  (317) 

Winter 

300 

43.4 

40.4 

35.2 

.61 

25 

19.1 

200 

41.7 

34.6 

30.7 

.66 

31 

14.6 

Spring 

300 

42.  ;> 

32.7 

29.2 

.71 

41 

12.0 

200 

43.6 

31 .4 

28.2 

.74 

48 

10.0 

Sumnor 

300 

28.5 

21.7 

20.7 

.71 

42 

5«2 

200 

33.8 

23.0 

21.7 

.77 

54 

5.1 

Fall 

300 

40.4 

31.9 

28. (; 

.69 

38 

12.2 

200 

40.1.) 

27.9 

25.5 

.7(1 

53 

7.8 

NORFOLK  (308) 

Winter 

)00 

■TO.  4 

4  3.B 

57.8 

•  63 

25 

19.3 

^00 

4^,6 

3(1.9 

3. ’.5 

.67 

34 

14.7 

Spring  TOO  t‘^.0 

^00 

Sumraor  TO*' 

jOO  jK.b 

Knll  300  <('<.0 

.TOO  '•V.O 


75 


Table  8.  Seasonal  Wind  Statistics  and  Derived  Twelve-Hour  Forecast  Krrors 
(continued) 


s.  C.  (208) 


Season 

Level 

(mb) 

a 

knots 

RP 

knots 

nr 

knots 

r 

HVP 

FA 

!t 

Winter 

300 

40,4 

33.9 

30.2 

.64 

29 

14.5 

200 

39.0 

32.8 

29.3 

.65 

30 

14.3 

Spring 

300 

41.3 

29.7 

27.0 

.74 

48 

9.0 

200 

44.2 

30.9 

28.0 

.78 

51 

8.7 

Summer 

300 

26.6 

19.4 

19.0 

.73 

47 

2.2 

200 

33.2 

22.9 

21.7 

.76 

53 

4.9 

rail 

300 

40.0 

28.8 

26.2 

.75 

50 

8.9 

200 

42,1 

26.9 

24.8 

.80 

59 

6.1 

TUCSON  (274) 

Winter 

300 

46.9 

29.5 

26.8 

.80 

61 

6.9 

200 

46.9 

26,7 

24.6 

.84 

87 

4.9 

Spring 

300 

41.9 

33.9 

30.2 

.67 

34 

13.4 

200 

41.3 

29.7 

26.9 

.74 

4(1 

9.3 

Summer 

300 

23.7 

19.2 

18.8 

.67 

34 

2.7 

200 

28.7 

20.7 

20.0 

.74 

48 

3.5 

Fall 

300 

35.3 

26.3 

24.4 

.72 

44 

8.6 

200 

38.6 

29.0 

26.4 

.77 

54 

9.7 

BfMMP 

(285) 

Winter 

300 

42.9 

31.3 

28.2 

.73 

47 

10.0 

200 

41.3 

31.0 

27.9 

.77 

54 

10.7 

Spring 

300 

37.4 

27.3 

25.1 

.73 

47 

8.2 

200 

39.2 

27.8 

25.5 

.75 

50 

8.0 

Summer 

300 

23.3 

18.4 

18.2 

.68 

37 

1.3 

200 

29.7 

22.3 

21.2 

.72 

44 

5.4 

Fall 

300 

34.5 

24,1 

22.6 

.78 

51 

5.9 

200 

38.4 

25.3 

23.5 

.78 

56 

6.0 

76 


Tabid  B.  Seasonal  Wind  Statistics  and  Derived  Twelve-Hour  Forecast  Errors 
(continued) 


LAKE  eiOHLES  (2401 


Season 

Level 

(mb) 

a 

knots 

RP 

knots 

HF 

knots 

r 

RVP 

« 

FA 

X 

Winter 

300 

39.6 

27.7 

25.4 

.76 

51 

7.8 

200 

40.4 

30.3 

27.4 

.77 

54 

10.3 

Spring 

300 

37.6 

27.8 

25.5 « 

.73 

45 

8.7 

200 

40.9 

26.6 

24.5 

.79 

57 

6.4 

Summer 

300 

23.5 

19.0 

18.7 

.67 

34 

2.0 

200 

30.8 

22.8 

21.6 

.73 

45 

5.6 

Fall 

300 

36.5 

23.7 

22.3 

.79 

57 

4.8 

200 

39.4 

25.6 

23.8 

.79 

57 

5.7 

BUHmOOD  (212) 

Winter 

300 

37.4 

27.7 

25.4 

.73 

45 

8.7 

200 

39.6 

26.1 

24.1 

.78 

56 

6.4 

Spring 

300 

35.3 

24.0 

22.5 

.77 

54 

5.6 

200 

39.2 

25.5 

23.7 

.79 

57 

5.8 

Suainer 

300 

22.5 

16.6 

lb. 8 

.73 

45 

0 

200 

28.9 

22.0 

21.0 

.71 

42 

5.1 

Fall 

300 

34.9 

22.9 

21.5 

.79 

57 

4.4 

200 

38.8 

29.4 

22.8 

.80 

61 

5.0 

(226) 

Winter 

300 

44.4 

29.3 

26.6 

.78 

56 

7.7 

200 

44.6 

27.2 

25.0 

.81 

62 

5.8 

Spring 

300 

42.9 

33.9 

30.2 

.68 

37 

12.9 

200 

47.5 

30.2 

28.9 

.77 

54 

9.2 

Summer 

300 

24.6 

19.9 

19.3 

.67 

34 

3.9 

200 

32.4 

25.6 

23.8 

.69 

3fl 

8.5 

Fall 

500 

41.7 

28.4 

25.9 

.77 

54 

7.8 

200 

44.2 

28.7 

26.2 

.79 

57 

7.0 

77 


Table  8. 


Seasonal  Wind  Statistics  and  Derived  Twelve-Hour  Forecast  Errors 
(continued) 


jiCKaoNYimi;  (.S96) 


Be ason 

Level  o 

(mb)  knots 

HP 

knots 

RF 

knots 

r 

RTO 

FA 

X 

Winter 

300 

40.0 

28. c 

23.6 

.76 

51 

8.0 

.^=200 

41,9 

27.2 

-25i0__  ^ 

22.8 

,79 

57  __ 

61 

6.5 

Spring 

300 

38.8 

24.4 

.80 

5.0 

200 

45.2 

27.6 

25.3 

.81 

62 

6.0 

Sununer 

300 

22.1 

15.0 

15.6 

.77 

54 

0 

200 

29.3 

17.6 

17.6 

.82 

64 

0 

mi 

300 

37.2 

22.7 

21.5 

,81 

62 

3.8 

200 

41.1 

fiamsvmfi 

25.1 

■1250) 

23.4 

.81 

62 

4.9 

Winter 

300 

34.3 

24.7 

23.0 

.74 

48 

6,9 

200 

38.6 

26.2 

24.2 

.77 

34 

6.9 

Spring 

300 

29.3 

21.8 

20.8 

.73 

45 

4.9 

200 

33.6 

24.2 

22.  V 

.74 

48 

6.2 

Sununer 

300 

20.0 

14.0 

14.8 

.76 

51 

0 

200 

27.9 

19.3 

18,9 

.76 

53 

2.0 

mi 

300 

31.0 

20.2 

19.6 

.79 

3? 

2.3 

200 

33.5 

HIAHI  (202) 

21.7 

20.7 

.81 

62 

3.4 

Winter 

300 

57.2 

25.7 

23.8 

.76 

.33 

6.8 

200 

57.0 

26.6 

24,9 

.74 

.48 

7.8 

Spring 

300 

33.0 

21.4 

20.9 

.79 

37 

3.3 

200 

58.2 

23.2 

23.4 

.78 

36 

6.0 

Sumner 

300 

19.2 

14.0 

14.8 

•73 

47 

0 

200 

28.7 

18.0 

18.6 

.78 

36 

1.4 

mi 

300 

52.2 

19.6 

19.1 

.81 

62 

1.9 

200 

39.4 

23.2 

21.9 

.83 

69 

5.8 

78 


Table  8.  Seasonal  Winrl  Statistics  and  Derived  Twelve-Hour  Koreeast  Mrroi'S 
(continued) 


SAM  JUAM.  P.  R. 


Seacon 

Lovol 

(mb) 

0 

knots 

HP 

knots 

RF 

knots 

r 

RVP 

% 

FA 

% 

Winter 

300 

27.7 

18.8 

18.5 

.77 

54 

1.5 

200 

29.9 

19.7 

19.2 

.78 

% 

2.2 

Sprlnc 

300 

23.9 

15.9 

15.9 

.79 

97 

0 

200 

2.9  *1 

19.2 

18.8 

.78 

56 

1.8 

Sumner 

300 

16.7 

13.2 

l'l.2 

.69 

38 

0 

200 

23.5 

16.2 

1C. 9 

.76 

53 

n 

Fall 

300 

22.1 

15.9 

16,2 

.77 

9'i 

0 

2CK.) 

30.1 

19.0 

18. b 

.80 

61 

i.y 

ALUmOK.  C. 

2.  C806) 

Winter 

300 

21.5 

14.0 

14.8 

.79 

97 

0 

200 

26.6 

18.4 

18.2 

.76 

93 

1.0 

Spring 

300 

]8.0 

11-9 

1  ,■’.8 

.iio 

99 

{) 

200 

23.1 

14.8 

1 9»4 

.80 

99 

CJ 

Summer 

300 

11.2 

10.8 

12.3 

.94 

08 

0 

200 

IH.2 

16.6 

16.8 

.,'.8 

17 

0 

Full 

,300 

1 

10.6 

12.2 

.68 

.37 

{; 

2(H' 

19.8 

14. 1 

1  4.9 

.7' 

'/O 

1  :■ 

rj 
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4.4  Analysis  of  Forecast  Frror  Statistics 

Selected  quantities  from  Tables  7  and  B  were  plotted  on  maps  and  analyzcci 
in  order  to  obtain  a  clearer  picture  of  the  geographical  variations.  Tlie  fol¬ 
lowing  charts  for  fi  hours  at  300  mb  are  presented  here  to  illustrate  p.atterns 
Vfhich  were  found  to  be  typical; 


Rl' 

winter.  Figure  1 

RP 

summer.  Figure  2 

RVP 

winter.  Figure  3 

-RVP  . 

summer,  figure  4 

FA 

winter.  Figure  5 

FA 

summer.  Figure  R 

4.  4.  1.  Ul.STRiniJTION  OK  PKIiSISTRNCK  KHUOUS 

As  noted  in  paragraph  .3.  1.4,  the  maximum  pnrsistoneo  errors 
occur  over  the  nortlioastern  and  northwestorn  11.  S. ;  minimum  orroi-s  over 
nortli  central  and  southern  sections,  nctwcon  winter  (I''ig.  1)  and  stimmer 
(Kig.  2)  the  average  error  decreases  by  aitout  1/3  anti  the  entire  distribution 
shifts  northward  so  that  the  maximum  centers  are  located  over  southern 
Canada  while  a  minimum  center  appears  over  the  southwestern  II.  S.  There 
seems  to  l)c  some  relationship  between  the  vector  mciin  wind  field  and  the 
persistence  distribution,  especially  in  wintoi-  when  the  axes  of  maximum  wind 
and  maximum  Kl’  virtually  coincide. 

4.4.2.  TIIK  HK.miCTION  IN  VAHIANCK  KIHM) 

The  distribution  of  IIVT  in  winter  (F'ig.  3)  conHists  of  minlm.a  in 
the  castorn,  central  an<l  northwestern  U.  .4.  wltli  Increasing  values  to  the 
south.  I'hc  principal  fc.atiirc  of  the  summer  distribution  (Kig.  4)  Is  a  large 
ai'ca  of  maxinuim  reduction  over  the  central  U.  .4,  ,  flanked  by  elongated  areas 
of  minimum  values  to  the  west  and  cast.  Krom  liquations  (10)  and  (22)  we 
find  that  ItVl’  -  100  [  2r  -  1)  ,  lienee  the  contours  in  kigures  3  and  4  <  an  be 
relabelled  in  terms  of  the  pei  slstence  correlation. 

4,  4,  3.  KORKCAST  A1  )V  ANT  Af  iK.  DISTHI HUTK  )N 

It  is  apparent  that  o-hour  sutijeetive  foieeasts  offer  very  little  ad¬ 
vantage  over  perslslenee.  The  maximum  forecast  gain  la  a<  hirved  in  ttie 
winter  (k'ig.  S)  when  an  advantage  of  10").  over  persistence  is  attained  in  the 
northeastern  .and  northwestern  ti,  S.  While  small,  this  forei  ast  ailv.intage  is 


80 


not  fortuitous;  a  rough  estimate  of  the  probable  cffcet  of  observational  uneci’tain- 
ties  in  these  regions  shows  them  to  be  an  order  of  magnit\ido  smaller  than  the 
forecast  advantage.  . 

The  results  in  summer  (big  (>)  indicate  a  <iceisive  advantage  for  persistence. 
In  fact  south  of  ‘tO°N  the  value  of  \'A  Is  negative  everywhere.  Tile  only  areas  of 
ixisitivc  forecast  advantage  are  north  of  'in‘'N,  reac  hing  a  maximum  of  alxinl  ri",li 
in  southern  Canada.  At  200  mb  the  gain  of  subjertive  forec'asts  is  (even  less  than 
at  300  mb  except  in  the  summer  wlucre  the  200-mb  values  are  largm'  for  a  few 
stations. 

The  performance  of  12-h()ur  sidijeetive  forecasts  (Table  8)  shoev  a  eonslcler- 
able  improvement  over  the  li-hour  results,  i'oi'  example  at  3(H)  mb  in  winter 
tiu'  12-liour  forecast  advantage  is  greater  than  20"',.  over  the  northeastei  n  anil 
northwestern  U.  S.  Also,  in  the  summer  the  contour  of  zero  advantage  at  300  mb 
lies  along  the  southern  border  of  the  U.  S. 


HP.  Root  Mean  Square  trror  of  Six-Hour  Persistence  Forecasts  (knots).  Winter,  300mb. 


ance  of  Six-Hour  Persistence  Forecasts,  Winter,  SOOmb, 


Korecasts,  Summer,  300mb. 
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